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ABSTRACT 
The purpose of simulation is to avoid reality-based constraints by the implemen-
tation of a synthetic model. Based on this advantage, interactive simulations have con-
quered all areas of applications from acquisition, and training, to research. Simulation 
results are transferred in many ways into reality and conclusions are drawn from the si-
mulation to the application. 
Many anecdotal observations on human-in-the-loop simulations have shown a 
significant difference in actor behavior between simulations and reality-based applica-
tions. It seems that the factors that makes simulation so attractive, namely the absence 
of constraints and especially of imminent danger for persons and equipment, influence 
the behavior and thereby the performance of the user. These differences between simu-
lation and reality may lead to false conclusions based on simulation results. 
The concept of perceiving a simulation as ‘real’ and of ‘being in’ the simulation is 
called ‘sense of presence’. This psychological construct can also be described as ‘level 
of disbelief’ towards the simulation. Hence, differences in behavior are based on such 
user’s assessment of a simulation and subsequently are supposed to be mediated by a 
difference in presence. 
This research established significant differences in presence and performance 
between a simulation and a miniature-world teleoperation task. Presence and perfor-
mance changed in identical tasks due to the application type and the connected danger 
to the robot. Also, the results supported a negative relationship between presence and 
performance: presence increased in the miniature-world and affected performance so 
iv 
that performance decreased. The causal relationship of application type presence 
performance was established and demands the examination of simulation based results 
with respect to the perceived danger to equipment, before they are transferred into the 
real application. 
v 
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CHAPTER 1: INTRODUCTION 
1.1 Research Problem and Contextual Background 
1.1.1 Performance-Affecting Factors in Virtual Environments 
Differences in performance between human-in-the-loop simulations and their real 
counterparts are mostly undesired. In many cases, these differences are related to 
monetary and technical constraints resulting in a lowered fidelity of the simulation. But 
even in accepted high fidelity simulations, there seems to be a resistant performance 
difference: 
 Pilots found simulations, which were faster than normal time (up to 1.75), more rea-
listic than real time simulations (Kaber, Draper, & Usher, 2002). Despite the high 
level of simulation fidelity, they were able to perform faster in the simulation. 
 The perceived workload of a teleoperation task differed significantly between simula-
tion and live exercise; subsequently, the operators were faster in the simulation. The 
higher workload of the live exercise was connected to the perceived damage risk to 
the equipment (Kamsickas, 2003). 
 The positive aspect of simulation, missing danger, can lead to false training: the trai-
nee can forget this imminent danger in the real task (Rose, Attree, Brooks, Parslow, 
Penn, & Ambihaipahan, 2000). 
These examples show that, despite the high fidelity of today’s simulations, there 
seems to be an aspect which changes the behavior in comparison to reality. While 
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these differences can be addressed in training and education, in simulation-based stu-
dies they can jeopardize the transfer of results from simulation to the real application. 
The review of the literature below will show that the behavior of humans-in-the-
loop, and hence their performance in simulations depends on three main factors: 
 the user’s cognition1,  
 the technical capabilities of the simulation, and 
 the user’s level of presence. 
The user’s cognition affects performance directly by enabling him to fulfill the giv-
en task and to perform within the virtual environment (VE). The simulation’s technical 
ability to facilitate the user’s task also directly affects performance. 
Beside these direct effects, there is an also an indirect effect: the perceived 
sense of presence or short, ‘presence’, which describes the user’s feeling of ‘being in’ 
the simulation (Sadowsky & Stanney, 2002). It is commonly assumed that the user 
needs some sense of being in the simulation to be able to perform within the VE, which 
in conclusion means that presence is necessary to experience VE. The necessary level 
of presence to perform satisfactory within the VE and the causal relationship between 
presence and performance are still subject of research and will be discussed later. But 
without doubt, the level of presence depends on the user’s cognition (internal factors) 
                                            
 
1
 cognition: action of knowing, including consciousness of things and judgment about them 
(Dictionary of Contemporary English, 1981) 
3 
and the technical design of the interface (external factors) (Sadowsky & Stanney, 2002). 
Figure 1 shows the relationships between performance and these three constructs. 
 
Performance in 
Simulation and 
Teleoperation
Technical CapabilitiesUser Cognition
Sense of Presence
 
Figure 1: Performance in Teleoperation and Virtual Reality 
 
1.1.2 Effects of User Cognition 
The user’s cognition has a direct impact on his/her performance simply by enabl-
ing the user to perform, but there are also indirect effects: 
Jentsch and Bowers stated that the ‘lack of real performance pressures’ (1998, p. 
247) in simulations cannot always be overcome by the user. In their experiments this 
fact was connected to missing motivation of some participants; the lack of motivation 
showed in non-task related talks and poor performance on the tasks itself. 
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Ford et al. (2008) found that some users applied prior experience of simulations 
to change their behavior in virtual environments: these users implemented a PC-based 
strategy of decoupling emotionally from the arousing scenario to ‘win’ the simulation. On 
the one hand the users reduced their presence to increase their performance; on the 
other hand they automatically connected simulation with ‘winning’ as their experience 
with gaming simulation had shown them. 
In another study the subjective stress levels of participants in an experimental 
setting could be increased by the scenario, but did not reach high levels (Kingdon Hale, 
2006). It could be concluded that within a simulation the level of stress induced by the 
scenario is somehow capped. 
This foregoing is in line with observations by Regenbrecht et al. (1998) who 
noted that participants diminished their height anxiety during a virtual environment (VE) 
based experience by consciously decreasing their sense of presence. They reminded 
themselves continously that the scenario was a simulation. 
The examples above show that those effects of the user’s cognition to the per-
formance are connected to the level of presence. These indirect effects include prior 
experience (especially with games) and the assessment of the simulation as not real, 
which limits the sense of presence. 
1.1.3 Effects of Technical Capabilities 
Besides user cognition, technical capabilities of the simulation have an effect on 
presence and performance. The technical capabilities of the simulation directly affect 
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the performance of the user: if the desired behavior cannot be performed within the 
technical constraints of the system, the simulation is flawed and lacks the needed level 
of fidelity. But additionally, the technical implementation of the simulation may have indi-
rect effects: 
 If a simulation requires workarounds (actions which do not correspond with reality) to 
overcome technical limitations, the mindset of the user changes (Woodman, 2006). 
The user’s level of presence is limited by these workarounds; they are continuous 
reminders of the artificial nature of the simulation. 
 Even if auditory clues in the simulation are not directly connected to the required 
task, they unconsciously support the level of immersion/presence (Biggs & 
Sriniwasan, 2002). Multimodality of the simulation’s interface can increase presence, 
even if it is not directly related to the given task. 
 Sherman and Craig (2003) stated that the technical design of the simulation’s inter-
face defines the level of immersion: the higher the level of immersion, the more in-
tense the experience of the VE. The physical immersion is mainly defined by the de-
sign of the interface and has the aim to ‘fool’ (p. 382) the user’s senses and to dis-
connect him from the real world. This sense of presence as the level of the user’s 
disbelief is highly influenced by this level of physical immersion. 
These indirect effects of the simulation’s technical implementation to presence 
are significant and have to be acknowledged. How far this immersion induced level of 
presence really influences the performance is still subject to research. 
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1.2 Hypothesis 
The user’s cognition and the simulation’s technical capabilities influence perfor-
mance not only directly but also indirectly via presence. If two applications have identic-
al direct effects on performance, a performance difference should be based on a differ-
ent sense of presence. This means that if the application supports a behavior sufficient-
ly similar to the real world task, and the user is capable of performing the task success-
fully, a difference in performance between simulation and reality must be related to the 
level of presence in the simulation. This conclusion is the basis for the hypothesis that 
the perceived level of presence is related to the type of application and affects perfor-
mance. 
My hypothesis is that the user’s mental state depends on his assessment of the 
simulation as ‘not real.’ This limits his sense of presence and his performance is more 
careless and exempt from the fear of negative outcomes. I hypothesize that the depen-
dency between sense of presence and performance is related to the type of implemen-
tation used (simulation vs. live exercise). The relationships of the constructs are shown 
in figure 2. 
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Figure 2: Proposed Relationship 
 
1.3 The Hypothesis in the Context of Teleoperation 
In teleoperation related training, education, and research, the robot is often re-
placed by a simulation while keeping the real control elements. The special case of te-
leoperation with an already reduced sense of reality due to its limitations in operational 
fidelity is predestined for such an approach. Teleoperation already puts the operator in a 
decoupled position from the robot and replacing it with a virtual simulation seems to be 
logical, effective, and efficient. Consequently most research concerning teleoperation is 
conducted by use of virtual simulations because of financial limits, availability of equip-
ment, time limitations, and safety constraints. 
Based on the hypothesis that the user behaves and thereby performs differently 
in simulations, these differences could jeopardize the generalization of such VE-based 
experiments. To be able to draw reasonable conclusions from simulations to reality, the 
previously described differences in behavior have to be assessed and quantified. 
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The main hypothesis stated that the level of presence and thereby performance 
is related to the type of application. This implies for a teleoperation task that with higher 
sense of presence the performance in measures of time to complete the task will de-
crease, while performance in measures of quality will increase. At first glance this con-
tradicts the common assumption that higher presence leads to better performance. But 
performance is more often measured on quality than in time to completion. 
1.4 Relevance of Research 
The purpose of simulation is to replace reality by use of technical means to over-
come limitations like safety constraints, time constraints, or availability problems. Simu-
lations are used in a wide range of applications, from training to experimental research. 
The transfer of simulation results and the generalization of simulation-based experi-
ments are customary, while fidelity of the simulation is the main concern in the evalua-
tion of such results and their transferability. The behavioral differences are mostly - and 
in many cases justifiably - assumed to be based on the technical mismatch between the 
simulation and reality. Consistently, current simulation based experiments focus on the 
simulation’s fidelity to substantiate the generalization of their findings. This assessment 
of fidelity is often based on the quantifiable/objective technical implementation of the 
simulation and to a lesser extent on the qualitative/subjective perceived level of pres-
ence. 
Teleoperation, as a special case, already has high limitations on fidelity. There-
fore, the difference between a real and a simulated teleoperation is small and controlla-
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ble. In an ideal case, the difference between a simulation and real teleoperation should 
only be the virtual or real function of the robot. 
The previous discussion has shown that the observed behavioral differences be-
tween simulation and reality - despite general technical commonality - must point to 
another differentiating factor between simulation and reality: an individually different 
sense of presence. The observation and possible quantification of such presence-based 
off-set between the two applications could allow for the correction or validation of simu-
lation based results. 
1.5 Research Statement 
The aim of this research was to analyze and quantify the assumed behavioral dif-
ferences in a teleoperation task: on one side as a simulation and on the other as a real 
task in a miniature environment. The behavioral changes were supposed to surface in 
performance- and presence-differences, which were measured and analyzed. The re-
search also hoped to develop a better understanding of the underlying construct of 
presence. 
As a psychological factor, the sense of presence as a level of ‘disbelief’ is influ-
enced by the user’s assessment of the simulation itself. This assessment is often based 
on the advantage of simulations: the absence of danger or other material conse-
quences. This missing danger has been shown to influence the user’s behavior by re-
lieving him/her from the consequences of his/her actions. Beside changes in perfor-
10 
mance during the simulation, the described behavioral difference can also endanger the 
generalization of simulation-based results. 
It was therefore the aim of this research to establish a correlation between per-
formance, sense of presence, and the application type to clarify the possible impact of 
simulations on performance. To eliminate technical influences, a comparison between a 
real miniature-based and a simulated teleoperation seemed to be a valid approach. The 
assumed correlation between sense of presence and performance is not undisputed 
and had to be established in the given research. Nevertheless, several studies already 
supported the approach that in spatial-related simulated tasks the sense of presence is 
correlated to performance. 
While simulations are not only applied in training and education, research in te-
leoperation also heavily utilizes them to minimize costs and efforts. This research 
wanted to establish a better understanding of the transferability of such simulation-
based results in teleoperation. 
The underlying constructs of the hypothesis are (a) sense of presence in simula-
tion and teleoperation and (b) the relation of presence and performance. The following 
review of the literature will evaluate past research of these constructs and their relation-
ships. Additionally, possible measures for presence and performance will be examined. 
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CHAPTER 2: LITERATURE REVIEW 
2.1 Introduction 
The hypothesis stated that there is a difference in presence and, subsequently, 
performance between simulation and reality. This was based on the theory that the us-
er’s knowledge of the simulation as not real limits his sense of presence. 
The psychological construct of presence in simulation and teleoperation is often 
discussed in the literature, but seldom defined or sufficiently comprehended. The follow-
ing review of literature focuses (a) on the definitions of presence in teleoperation and 
simulations, (b) the effects of user’s cognition and technical implications on presence, 
and (c) the relation of presence and performance. Furthermore the review will define 
possible measures for the above constructs. 
2.2 Presence in Simulation and Teleoperation 
The definitions of presence or telepresence and especially their distinction from 
the concept of immersion are not conclusive. This can be a reason for wrong conclu-
sions about their influence on performance. A short survey of definitions is necessary to 
establish a common understanding of presence/telepresence and its possible connec-
tions to other concepts. 
When Slater and Wilbur proposed their framework for immersive environments 
(1997), they distinguished between presence and immersion. According to their defini-
tion, the construct immersion is related to the interface technology and it is a quantifia-
12 
ble aspect of the simulation’s technical implementation. Based on this, the quantifiable 
extent of immersion is defined by the level of the modality and fidelity. Presence, on the 
other hand, is described as a subjective and objective state of consciousness and is re-
lated to a sense of being in a place. Based on this definition, presence can be an in-
creasing function of immersion. Consequently, Blade and Padgett (2002) state that the 
higher the level of immersion is, often, the greater is the sense of presence. But it is im-
portant to note that Blade and Padgett used the word ‘often’ and not ‘always’. Indeed, 
immersion is only one of several factors affecting presence. 
Unlike to the distinction between the objective technical aspect of immersion and 
the subjective sense of presence, Witmer and Singer (1998) saw immersion as the per-
ceptional and subjective part of presence. They as well described presence as ‘the sub-
jective experience of being in one place or environment, even if the one is physically si-
tuated in another’ (Witmer & Singer, 1998, p. 225), but also defined two parts of pres-
ence: involvement and immersion. While involvement describes the psychological level 
of attention the user puts on the VE stimuli, immersion is the user’s perception of being 
‘enveloped by, included in, and interacting with’ the VE (Witmer & Singer, 1998, p. 227). 
Witmer and Singer’s definition of immersion as subjective perception makes the con-
struct less quantifiable. This subjective definition of immersion is also reflected in Wit-
mer and Singer’s presence questionnaire. 
The different distinctions between presence and immersion led to diverse con-
clusions about the constructs. Sadowsky and Stanney (2002) described these two ap-
13 
proaches as schools, one in which immersion is a psychological effect and the other 
that sees immersion as technology related. 
Despite the different general definitions of immersion and the term’s distinction 
from presence, there are common observations of the construct presence. Stanney de-
scribed presence as the subjective experience of being in one place or environment 
even when one is physically located in another (1998) which concurs both with the defi-
nitions of Slater et al. and Witmer and Singer. 
In their article ‘A Review of Presence and Performance in Virtual Environments’, 
Nash et al. (2000) found that presence is related to the user’s perception of the physical 
environment independent of the actual physical setting. They described presence as 
individual, a mental state, and thereby subjective. Bystrom et al. (1999) hypothesized 
that some sense of presence is necessary to perform in the VE: if the level of immersion 
is sufficient and the user allocates adequate attentional resources to the simulation, the 
factor of ‘disbelief’ is overcome and the sensation of presence is developed. It can be 
summarized that the construct of presence is a subjective experience and essential for 
experiencing a VE. 
In teleoperation, similar to the virtual simulation, there is the distinction between 
the physical actual environment of the operator and the remote location of the robot. 
‘Telepresence is the perception that one is at a different location, created by sensory 
data transmitted from that location and possibly interaction with the environment at that 
location through telemanipulators’ (Blade & Padgett, 2002), which makes telepresence 
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comparable to presence in VE. With both telepresence and presence as psychological 
user centered construct with basically the same definition, Lee (2004) concluded that it 
is not meaningful to distinct between the two. He stated that telepresence and presence 
describe the same psychological construct and can be used interchangeably. This con-
curs with Draper et al. (1998), who also disregarded the different environments and saw 
telepresence and presence as the same user-centered psychological construct. 
Despite the still ongoing discussion about the definition of presence and espe-
cially its distinction from the concept of immersion, there seem to be some common de-
velopments concerning presence and telepresence: 
 Telepresence and presence describe the same psychological construct to have the 
feeling of being in a remote/virtual environment despite the actual physical surround-
ings. 
 Presence is a psychological construct, therefore subjective, and difficult to capture. 
 The technical implementation of the interface can be defined as the level of immer-
sion, which is a necessity for presence. By this, immersion is not interchangeable 
with presence but is a prerequisite for presence. 
This research follows these commonalities and defines presence as the overall 
subjective and psychological state of the user to be in the remote/displayed location 
with the exclusion of the physical environment’s stimuli. The technical and quantifiable 
level of the interface’s modality and fidelity is seen as level of immersion. Presence and 
telepresence, however, can be used interchangeably. 
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2.3 Performance, Presence, and Their Relation to User Cognition 
The user’s cognition (knowledge and mental state) is both essential for the per-
formance of the task itself and the sense of presence. Kaber et al. (2002) described the 
following individual factors affecting performance and presence in VE: personality traits, 
user experience, and psychophysical factors. 
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Figure 3: Factors Affecting Performance and Presence 
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Kaber et al. also observed that the factors are often confounded with each other 
and are difficult to isolate. The aim of the following discussion is the description of the 
individual differences affecting presence and performance, and the evaluation of their 
influence. The discussion will follow the factors depicted in Figure 3. 
2.3.1 Individual Factors Affecting Presence and Performance 
2.3.1.1 Personality Traits 
Tennyson and Breuer (2002) included ‘affects’ in their model of the user’s cogni-
tive system. These affects (motivations, feeling, attitudes, emotions, anxiety, and val-
ues) have a decisive impact on the user’s behavior. Nash et al. (2000) stated that the 
user’s motivation2 has a positive correlation to presence and not only to performance. 
Ford Morie et al. (2008) successfully used priming (staging of the simulation as serious 
vs. gaming) in their study to increase the emotional connection to the given scenario 
and thereby increased the perceived sense of presence. This supports that affects in-
fluence both the individual performance and sense of presence. But, despite this im-
pact, the assessment and measurement of affects was beyond the scope of this re-
search. A randomized experimental setting had to assure that affects did not significant-
ly influence the measurements. 
Kaber et al. categorized the user’s aptitudes into spatial, reasoning, and verbal. 
The proposed egocentric teleoperation tasks will only need marginal reasoning and no 
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 Refers to the willingness of a user to interact and accept the VE. 
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verbal skills, but extensive spatial skills. Spatial ability is defined as ‘the capacity to per-
form tasks requiring the mental manipulation of spatial relationships, such as mental ro-
tation, mirror drawing, map-reading, or finding one's way around an unfamiliar environ-
ment’ (Colman, 2001). Witmer et al. (2000) found in their VE-based experiment that the 
individual difference in spatial abilities influenced performance significantly. These find-
ings are supported by Rehfeld (2006), Sloan (2005), and Lathan and Tracey (2002) who 
all found a linear positive relationship between spatial abilities and performance in a te-
leoperation task. Chen et al. (2005) conducted two studies concerning unmanned 
ground vehicle (UGV) operators and also found the strong relationship between their 
spatial abilities and speed and accuracy in performance (Chen & Joyner, 2006). Addi-
tionally, Rehfeld (2006) found that spatial abilities can be trained by use of simulation, 
which concurs with Finkelstein (1999) who observed that gaming experienced users 
had higher spatial abilities scores. It can be concluded that spatial ability as an individu-
al factor has a high impact on the performance in teleoperation tasks and VE. To distin-
guish between presence- and spatial ability-related performance differences, the expe-
rimental design accounted for the participant’s spatial ability. 
Another personality trait is immersive tendencies: Witmer and Singer (1998) and 
Kaber et al. (2002) found a relationship between the user’s individual tendencies for 
immersion and the perceived sense of presence in VE. The strength of this relationship 
led to the established method to introduce a pre-test of immersive tendencies into pres-
ence related experiments. 
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In their review, Nash et al. found a strong negative relationship between adapta-
bility and presence. The faster the user adapted to the new environment the more 
he/she got distracted by the real environment. This increased perception of the actual 
environment contrary to the desired perception of the VE decreases presence. But they 
concluded that more research was necessary to support further conclusions (Nash, 
Edwards, Thompson, & Barfield, 2000). 
2.3.1.2 Experience 
Performance highly depends on prior experience or training. With a higher level 
of experience in the respective tasks, teleoperation in general, and virtual environments 
we expect better performance. Sherman and Craig (2003) observed that memory, abili-
ties, past experience, emotional state, and cultural background also influence the VE 
experience which is connected to presence. Additionally, the simulation’s domain (task, 
environment and interface) should match the user’s domain knowledge to maximize 
performance. One important aspect of the user’s experience is prior gaming practice: 
Lee and Perez observed that ‘… a gaming environment may produce different results 
from straight simulation3 because participants are asked to perform with cognitive goals 
(winning) added’ (Lee & Perez, 2008, p. 172). Over time, this imprint of winning before 
                                            
 
3
 Gaming simulations are distinguished from serious simulation by their intent of entertainment, 
as opposed to education, training, and research.  
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learning is applied during all simulations, independent of their intention. Prior experience 
of the operator and the training effects during the experiment had to be observed. 
Besides these direct effects of experience and knowledge on performance, user 
experience also influences the perceived sense of presence. Nash et al. (2000) stated 
in their review of the literature that increased experience and practice (familiarity) with 
VE were associated with higher presence. This concurs with observations by Finkelstein 
(1999) and Lee et al. (2004). On the other hand, Ford Morie et al. (2008) observed that 
users utilized a gaming-strategy to perform better in emotional demanding scenarios: 
they ‘decoupled’ themselves emotionally from the simulation, and hence limited their 
presence. Gaming experience also had to be observed in the experiment to test for sig-
nificant effects on the measurements of performance. 
Kaber et al. (2002) found in their review of studies that user experience with VEs 
and with the required task influenced the perceived cognitive task load and the devel-
opment of situation awareness during the simulation. Also, as mentioned, Kamsickas 
(2003) observed that the perceived workload of a simulation was less than that of the 
live task, which supports the notion that knowledge of VE influences performance. 
Kamsickas also observed that a lower workload resulted in a better performance. With 
respect to workload, Rehfeld used the MART (Malleable Attentional Resource Theory) 
to find and analyze an optimal level of mental workload in a teleoperation task. The re-
sult was the theory of a U-shaped relationship between performance and workload. This 
means that the workload has to ‘fit’ the participant’s knowledge to optimize perfor-
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mance. The perceived workload had to be measured and adjusted to prevent negative 
effects on performance in the experiment. 
2.3.1.3 Psychophysical Factors 
Additional individual factors are sex, age, and disabilities, but whether sex influ-
ences spatial tasks is an ongoing discussion. While Peters (2005) found significant dif-
ferences between sexes in performance on mental rotation tests, Chen et al. (2005) 
found no significant sex differences in performance of a teleoperation task. It was 
beyond the scope of this study to establish sex differences, but a possible effect on per-
formance was avoided by stratifying sex across experimental groups. The factors age 
and disabilities in relation with the proposed teleoperation task are highly confounded 
with the user’s experience level and were randomized over the experimental groups. 
Additionally, limited data about age and visual limitations was collected in an initial 
questionnaire. 
2.3.1.4 Summary of Individual Factors 
The cited studies and literature reviews showed that prior life experience influ-
ences performance and presence. The main factors are: 
 Affects like motivation and emotional connection. 
 Familiarity with VE, especially gaming experience. 
 Familiarity with the given task (mental model). 
 Ability to perform in the given task (esp. spatial ability). 
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These factors are difficult to control and were randomized and monitored during 
the experiment. The experimental design ensured an even distribution among the par-
ticipants to statistically eliminate this influence on performance. 
Other individual effects playing a major role in performance and presence are 
immersive tendencies, spatial aptitudes, and a matching cognitive workload to prevent 
either under- or overload (perceived workload). These factors have established meas-
ures and will be discussed in the following. 
2.3.2 Measures for Individual Cognitive Factors 
2.3.2.1 Immersive Tendencies 
The level of sensed presence is highly dependent on the user’s immersive ten-
dencies. Possible measures for immersive tendencies are the Immersive Tendencies 
Questionnaire (ITQ), the Tellegen Absorption Scale (TAS), and the Dissociative Expe-
rience Scale (DES). 
The ITQ is the pre-test for the presence questionnaire (PQ) established by Wit-
mer and Singer as test for the participant’s predisposition to be present in a VE (AD-
A286 183, 1994). In the current version, it consists of 18 questions with a scale from 0 
to 7, which are summed without weighting (Witmer & Singer, 1998; Appendix C). Wit-
mer and Singer found a small correlation (r=0.24, p<0.01) between the ITQ and the IPQ 
in data across several experiments (Witmer & Singer, 1998, p. 237). 
Tellegen and Atkinson stated that ‘absorption is interpreted as the disposition for 
having episodes of ‘total’ attention that fully engages one’s representational (…) re-
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sources’ (Tellegen & Atkinson, 1974, p. 268). The Tellegen Absorption Questionnaire or 
Scale (TAQ/TAS) consists of 34 questions to assess the openness of a person to such 
absorbing experiences, which are similar to immersive tendencies. The questions cover 
6 factors, which are (a) responsiveness to engaging stimuli, (b) synesthesia4, (c) en-
hanced cognition, (d) oblivious/dissociative involvement, (e) vivid reminiscence, and (f) 
enhanced awareness (Kihlstrom, 2006). Each question is answered ‘true’ or ‘false’ and 
the positive answers are summed. 
Defining dissociative experiences as a ‘discontinuity in awareness’ (Carlson, 
Waller, & Putnam, 1996, p. 300), the Dissociative Experience Scale (DES) measures 
the degree of dissociation from reality which exists to a higher or lesser extend in every 
person from normal (e.g. daydreaming) to even pathological. The 28 DES questions 
cover three factors of dissociative experiences: amnesia for the dissociative experience, 
absorption and imaginative involvement, and derealization/depersonalization. Each 
question has a score from 0 to 100 and the final DES score is the average of all ques-
tions.  
Wiederhold et al. (2001) found a high correlation between TAS and DES and al-
so between Witmer and Singer’s PQ and DES, but did not test the ITQ. Nevertheless, 
the established positive relationship between the ITQ and possible presence measures 
supported the use of the ITQ in this study. 
                                            
 
4
 synesthesia: a concomitant sensation; especially : a subjective sensation or image of a sense 
(as of color) other than the one (as of sound) being stimulated (synesthesia) 
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2.3.2.2 Spatial Abilities 
To distinguish between the performances differences based on implementation 
type and cognition-based performance differences, the user’s spatial ability had to be 
measured and observed. As possible means, the Guilford and Zimmerman tests divide 
spatial abilities into two factors: spatial orientation and spatial visualization (Guilford & 
Zimmerman, 1948). While spatial orientation is described as the ability to realize spatial 
relations with reference to one’s own body, spatial visualization is the capability for 
processing and imaging movements or other changes in visual objects. The two tests 
were administered prior to the operational tasks. 
2.3.2.3 Perceived Workload 
Like spatial abilities, the user’s perceived workload is also connected to perfor-
mance. Hart and Staveland defined workload as ‘the cost incurred by a human operator 
to achieve a particular level of performance’ (1988, p. 240). Rehfeld (2006) confirmed 
the U-shaped relationship between performance and workload, which states that both 
too high and too low mental workload negatively affect the performance. The mental 
workloads of the given tasks in this study were observed to analyze possible influences 
of the tasks’ difficulty level on performance, with the aim to ensure a correct’ level of 
task difficulty. Potential measures for workload are the NASA Task Load Index (NASA 
TLX), the Subjective Workload Assessment Technique (SWAT), or the Workload Profile 
(WP). 
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The NASA TLX (Hart & Staveland, 1988) uses six subscales to represent the 
sources of workload: mental demand (MD), physical demand (PD), temporal demand 
(TD), own performance (OP), effort (EF), and frustration (FR) level. The subscales cov-
er the task-related (PD, MD, and TD), behavior-related (EF, OP), and subject-related 
(FR) factors of workload. In a first questionnaire, the six sources are rated by the partic-
ipant each on a scale from 0 to 100. In the second part, the sources are pair-wise 
weighted by the participant to derive the sources with the highest effect on the overall 
workload. The rates of the first part are then multiplied by the evaluated weights. 
The Subjective Workload Assessment Technique (SWAT) uses three factors: 
time load, mental effort load, and psychological stress load (Reid & Nygren, 1988). 
Each load has three levels, thus making 27 possible combinations. In a first step, the 
participants have to sort a subjective ranking set of all combinations to develop a weight 
scheme. This weight scheme can later be used to assign a workload index based on the 
assessment of the task with regard to the load (e.g. high time load, low mental effort, 
and medium stress). The SWAT allows for the workload comparison of unequal tasks. 
Hart and Staveland (1988) commented on the SWAT that it gives no information about 
the source of workload, has a low sensibility and reveals thereby less information than 
the NASA TLX. 
The Workload Profile (WP) defines eight workload dimensions based on the mul-
tiple resource model (Wickens, 2002), which are perceptual/central processing, re-
sponse selection and execution, spatial processing, verbal processing, visual 
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processing, auditory processing, manual output, and speech output (Tsang & 
Velazquez, 1996). The participants then assign their perceived level of attention re-
quired by the task for each dimension, ranging from 0 (0%, no attention) to 1 (100%, 
maximum attention). A summation of the percentages across the dimension gives an 
overall workload rating. 
Rubio et al. (2004) compared the three multidimensional subjective workload 
measures. Their research found significant use and validation both of the NASA TLX 
and the SWAT. Rubio et al. also found all three measures equally intrusive to task per-
formance, considered WP slightly more sensitive, noted a high convergent validity5 be-
tween all measures, and found a slightly higher correlation to performance for the 
NASA-TLX. Further, SWAT and WP need significant effort during their measurement 
and can be time consuming as reported by Hart and Staveland (1988), Reid and Nygren 
(1988), and Tsang and Velazquez (1996). Consequently, the NASA TLX was assessed 
as the best measure of workload in the given context to establish a sufficient high work-
load on the participant to ensure optimal performance. 
2.4 Presence and the Simulation’s Capabilities 
The technical capabilities of the simulation can affect both presence and perfor-
mance. In particular, the technical influence of the simulation on presence is summa-
                                            
 
5
 Convergent validity is the degree to which an operation is similar to (converges on) other opera-
tions that it theoretically should also be similar to (Wikipedia). 
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rized under the construct of immersion, which is mainly determined by the interface de-
sign. This is supported by Sherman and Craig who stated that the more diversified and 
complex the modality of interaction is, the higher is the level of immersion, and thereby 
the experience of the virtual reality (Sherman & Craig, 2003). They also stated that, to 
enhance this experience, the interface should allow for seamless information flow be-
tween the user’s real world and the virtual world. 
Sherman and Craig further distinguished between the hardware and software 
components of the interface, both determining the level of immersion. Input via hard-
ware (e.g. body tracking, voice/sound recognition, physical controllers) on one side de-
fines the way of communication from user to the simulation. The hardware output with 
different and complimentary modes (visual, aural, haptic, and olfactory), on the other 
side, defines the communication from simulation to the user. 
For one of those complimentary modes, May and Badcock (2002) stated that 
visual display of motion in VE is technically problematic since the technology is not able 
to provide a natural visual display, which contradicts the desired seamless information 
flow. Visual factors like resolution and update rates are technically contradicting, but 
both influence the perception of VE. May and Badcock also found that a mismatch be-
tween visual and vestibular motion cues lead to simulator sickness. In fact, the display 
of self motion in egocentric VEs (vection) is a key underlying element for presence, but 
it is also correlated to simulation sickness (Hettinger, 2002). 
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Although visual stimuli have a greater influence on the perception of the VE, 
there is also a strong spatial coupling between auditory and visual senses (Storms, 
2002). Shilling and Shinn-Cunningham (2002) for example found that complementing 
auditory clues are essential for the environmental realism of the VE which eventually 
leads to a higher sense of presence. 
In addition to the described visual and auditory cues, haptic interfaces support 
the touch, feel, and manipulation of objects in VE. Beside the sometimes necessary 
provision of task-relevant cues, they also increase sense of presence (Biggs & 
Sriniwasan, 2002). While the other interface actions are one-way, haptic interaction is 
inherently bidirectional between user and VE. 
The hardware design of the interface input side, even if it is not haptic, also influ-
ences performance directly and indirectly via presence. Control and sensory factors 
contribute to presence as found by Witmer and Singer (1994; 1998) and are covered in 
theirs and others presence questionnaires. 
Bystrom (1999) stated that immersion is a quantifiable measure of the interface 
technology (following Singer) and can be determined by inclusiveness (exclusion of real 
world stimuli), extensiveness (number of interface modalities), surrounding (panoramic 
field of view), and vividness (display resolution). Similarly, Nash et al. (2000) found that 
important factors influencing performance in VE are: (a) field of view, (b) display render-
ing, (c) control devices, (d) haptic feedback, and (e) head tracking. In contrast, factors 
affecting presence in VE are (among others): breadth (sensory modality), depth of vi-
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sion, resolution, motion, self-representation, speed (e.g. update rates), range (ability to 
change and modify VE), natural interaction techniques (e.g. head tracking), and seam-
less interaction (unobtrusive). 
The literature showed a significant impact of the technical interface specifica-
tions/design not only on performance, but also on presence. The direct effect of tech-
nical capabilities on the user’s performance was evident even without using the con-
struct of immersion: if the system lacks the fidelity to support the task, performance is 
limited. The indirect effect of the technical interface design to performance via presence 
was basis of the hypothesis and will be observed in the experiment. 
Contrary to the desired optimal interface design in many VE applications, the de-
sign of teleoperation interfaces has to follow strict restrictions and cannot solely focus 
on maximum immersion or an optimal sense of presence. By design, teleoperation sys-
tems already have a limited capability to induce presence and also limit the operator’s 
possibility to interact with the environment. Figure 4 shows as example an operator 
stand of an UGV which especially shows the limitations on visual cues (displays) and 
control interfaces.  
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Figure 4: Example of technical limitations to teleoperation (Kamsickas, 2003) 
 
Based on those direct effects of the simulation’s capabilities, the experimental 
design for the study therefore had to eliminate or equalize any technical differences be-
tween the two applications that could affect performance and presence. The observable 
aspects were (a) visual and auditory interface design, (b) control devices and degree of 
control, and (c) VE implementation: speed of robot, feedback, and content/scenario. 
The hardware-based differences between the two interface designs were minimized by 
keeping interface and controls identical in both applications. 
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2.5 Relationship of Presence and Performance 
Although a certain level of presence seems to be necessary to perform in a VE, 
the research on a linear positive and causal relationship between presence and perfor-
mance has not been conclusive. Research on this relationship is described in the follow-
ing. 
In his experiment, Snow (1996) manipulated the level of immersion within a VE, 
and the users assessed their sense of presence after the virtual task. The tasks were 
distance estimation, manipulation of an object, moving in the VE, searching, and target 
selection. Although he established a strong relationship between immersion and pres-
ence, only a weak relationship between presence and performance was found. 
Similarly, Witmer and Singer (1998) could not establish a congruent relationship 
between presence and performance in their experiments. They stated that they believed 
the inconclusive findings were related to individual factors of the participants. But all ex-
periments ‘however’ (p. 237) showed a positive relation between presence and perfor-
mance. The measure used for presence was the PQ and the tasks involved perception, 
locomotion, and manipulation. Using a navigational and locomotion task, Finkelstein 
(1999) found a positive relationship between performance and presence (rs=0.413, 
p=.021). Here as well the PQ was used as measure for presence. 
The sometimes contradictory findings of studies concerning the relation of pres-
ence and performance led to several reviews of those experiments. As mentioned, By-
strom (1999) postulated that some sense of presence is necessary for performing in the 
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VE but Welch (1999) stated that technical improvements which increase performance 
and presence do not automatically lead to conclusions about the relationship of perfor-
mance and presence itself. Draper et al. (1998) stated that some studies did not distin-
guish between increased performance based on increased technical capabilities of the 
interface or on an increased sense of presence. This was supported by Nash et al. 
(2000) who observed that the multi-factorial dependencies between presence and per-
formance complicate the confirmation of a direct relation. 
Beside the difficulty of distinguishing between the direct and indirect effects of the 
interface design on performance, Sadowsky and Stanney (2002) saw another problem 
of the research: typical measures for presence are generally questionnaires, which were 
not standardized and developed in large numbers. Another complicating aspect is the 
subjectivity of post-test questionnaires: the rating of presence depends on the user’s 
prior experiences (Freeman, Avons, Pearson, & Ijsselstein, 1999), the user’s memory of 
the event (Wiederhold, et al., 2001), and the perceived level of their own performance. 
The latter would mean that increased performance could lead to increased sense of 
presence measured by post-test questionnaires6 (Slater, 1999). Sadowsky and Stanney 
stated, however, that the relation of presence to performance has face validity and that 
some studies indeed provided evidence for a positive relationship, although these were 
                                            
 
6 Main aspect is the correlation between ‘control’ in the questionnaire and task performance. Bet-
ter performance might lead to higher feeling of control of the VE and subsequently to higher presence. 
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strongly task related. They concluded that further study was necessary. During the 
analysis of the relationships of task difficulty (workload), situating awareness, and tele-
presence, Riley (2001) found a positive relationship for presence and performance in a 
simulated mine-clearing task (r=-0.327, p=.001). 
Although many experiments showed a positive relationship between performance 
and presence and there is some face validity to it, a general direct and causal relation 
could not be established. The use of different definitions of presence, especially their 
distinction from immersion, could have led to different assessments of increased per-
formance based on higher presence. Additionally, the multiple relations between pres-
ence, user cognition, interface implementation, and performance were often confounded 
in the experimental settings, based on the fact that the necessary definition and experi-
mental measurements of unconfounded variables to pinpoint the relationship between 
presence and performance are difficult. Following Slater’s definition of immersion, many 
studies reveal a relationship between the technical defined immersion level and perfor-
mance, which is different from the here hypothesized performance to presence relation-
ship. The perceived sequence that higher (technical) immersion leads to higher pres-
ence and consequently better performance is too interrelated to allow a comprehensive 
conclusion. For example, does the wider field of view (higher immersion) only influence 
the presence related impact on performance or is it the direct effect of this technical im-
provement (improved feedback/interface)?  
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The relationship of presence and performance, as one of the main constructs of 
this study, had to be established during the experiment to support the hypothesis. Con-
sequently, to establish a positive relationship between presence and performance with 
not confounded immersion, the level of immersion had to be equalized in the experi-
mental settings. Additionally, the possible perceived performance dependency of post-
test questionnaires for presence had also to be addressed in the experimental design. 
To observe and reject this performance dependency, the introduction of different levels 
of difficulty which will affect the performance, but not presence, can support the conclu-
sion that performance differences are solely the result of changes in presence, and not 
vice versa. An additional application of ‘online’ tests to minimize the post-test disadvan-
tages had to be observed. 
With this approach, the experiment un-confounded presence, immersion, and 
performance. Additionally, the test of the proposed hypothesis further enhances the 
common understanding of the relationship between presence and performance. 
2.6 Measures for Presence and Performance 
The hypothesis stated that the type of implementation and the related sense of 
presence are influencing performance. This defines ‘type of implementation’ as the in-
dependent variable, with ‘presence’ as mediating variable, and ‘performance’ as depen-
dent. Possible measures for the mediating/dependent variables will be discussed in the 
following. 
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2.6.1 Performance  
The experimental use of an unmanned ground vehicle’s (UGV) teleoperation al-
lowed for the definition of quantitative measures of performance. These measures had 
to be independent from the implementation’s technical abilities to establish the pro-
posed relationship between implementation, presence, and performance. 
Park (1998) used speed (time to complete task) and accuracy (counting errors) 
as performance measures of a simulated teleoperation task. He stated that speed alone 
was not sufficient as performance measure since it does not measure quality of perfor-
mance. Nevertheless, time to finish task was also used in related studies by Williams 
(2001), Riley (2001), Chen et al. (2005), and Sloan (2005). 
The aforementioned studies showed the common use of completion time for te-
leoperation tasks as measure for speed. In a similar approach, this study utilized the 
number of runs [runs] in a given timeframe as one measure for speed. 
Additional to changes in speed, the quality of performance was expected to de-
crease and had to be included as measure. Aim was the distinction between very care-
ful operators (slow, hence low performance) and more risky ones (fast, but more mis-
takes and hence also low performance). The number of operational errors like hitting 
obstacles was used a measure for quality [errors]. The later experimental design will 
show that number of runs as one measure for speed did not cover the mentioned dis-
tinction between risky and careful operators and an additional measure, average speed 
of the robot [runs/min.], was introduced (Figure 5). 
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Figure 5: Performance Measures 
 
2.6.2 Presence 
As previously shown, presence is a construct which is not exactly defined and 
which has no direct quantitative/objective measure. Sherman and Craig (2003) de-
scribed questionnaires and user observation as qualitative, while measurements of 
physical reactions are quantitative. Sadowsky and Stanney developed a more elaborate 
list of measures (Table 1), and an important difference to Sherman and Craig is the 
classification of user observations (reflexive motor acts) as objective measures. 
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Table 1: Presence Measures (Sadowsky & Stanney, 2002) 
 
 
The distinction between qualitative and quantitative measures in this field of re-
search located between engineering and psychology is not as simple as assumed. Es-
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pecially, there is no comprehensive and general definition for subjective and objective 
measures in the field of psychology (Muckler & Seven, 1992). To establish a necessary 
definition for this research, subjective measures were defined as self-assessments or 
reports, biased by the participant, while objective measures rely on a ‘neutral’ mea-
surement by an instrument, a test, or an observer. In this view, objective measures can 
also have subjectivity. The following parts describe first the subjective and second the 
objective measures. 
2.6.2.1 Subjective Measures 
Main subjective measures for presence are questionnaires which are applied at 
different phases of the experiment. With the aim to keep the task itself uninterrupted, 
the questionnaires are administered mostly before or after the task. In the following, dif-
ferent approaches for questionnaires will be discussed. 
In an effort to develop a better understanding of the underlying concepts of pres-
ence and their relationships to performance, Witmer and Singer (1994) developed two 
questionnaires: the Immersive Tendencies Questionnaire (ITQ) as pre-test and the 
Presence Questionnaire (PQ) as post-test. Asking questions about four presence affect-
ing factors – control, sensory, distraction, and realism (Table 2) – they developed the 
PQ as self report. 
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Table 2: Factors of Presence (Witmer & Singer, 1998) 
 
 
They found promising results of correlation between questionnaires, presence 
and performance (Witmer & Singer, AD-A286 183, 1994). The ITQ measures the indi-
vidual and not necessarily simulation- or teleoperation-related tendency to become in-
volved in activities, to maintain focus on current activities, and to play video games (18 
items). The PQ indirectly measures the degree of experienced presence in VE by inquir-
ing about the four related factors (32 questions). Both, ITQ and PQ use 7-point scales, 
and the final score for presence is the sum of the answers. An analysis of correlation 
and validity showed that the PQ measures a single construct of presence, where as the 
ITQ measures immersive tendencies. Witmer and Singer stated that presence should 
be related to simulator sickness, task performance, modes of interaction, ITQ, and spa-
tial ability (Witmer & Singer, 1998). The ITQ and PQ were used by Finkelstein (1999) 
who found a positive relationship between the PQ-defined presence and performance. 
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Slater, based on his more stringent separation between immersion and pres-
ence, criticized the PQ for confounding individual differences (presence) and the VE 
characteristics (immersion) (Slater, Measuring Presence: A Response to the Witmer 
and Singer Presence Questionaire, 1999). He developed an alternative questionnaire 
which was later defined as ‘SUS’, Slater-Usoh-Steed (Slater, Steed, McCarthy, & 
Maringelli, 1998). The SUS does not use the indirect approach of the PQ, instead it 
questions the user directly about his/her experience of ‘being in’ the VE, which necessi-
tates some understanding of the participant about the construct of presence. 
In an attempt to resolve the dispute about the two approaches, Usoh et al. used 
the PQ and SUS to compare the results between a real and a simulated task. But nei-
ther questionnaire established a presence difference between the real and simulated 
task (Usoh, Catena, Arman, & Slater, 2000). The authors, however, emphasized the low 
power of their experimental design. Another finding was the high influence of the user’s 
own experience and hence understanding of ‘being in’ a simulation. According to this 
effect, a novice in simulations might feel immersed much earlier than an experienced 
VE-user. This concurs with prior described effects of user experience. 
The relationship of presence with multiple factors and the resulting complexity of 
the construct did not only lead to the described dispute about validity of questionnaires 
but also to a significant number of them (for one possible overview see van Baren and 
Jsselsteijn, 2005). 
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One approach to implement the Witmer and Singer PQ and to respect the re-
marks of Slater et al. is the ‘igroup presence questionnaire’ (IPQ). Schubert et al. stated 
that presence is a subjective experience and thereby only quantifiable by the experienc-
ing user, which supports the use of self reporting questionnaires (Schubert, Friedmann, 
& Regenbrecht, 2001; Schubert T. W., 2003). Based on Schubert’s et al. model of pres-
ence, immersion is the technological aspect while conception is the cognitive perception 
of the VE. Both are necessary for the experience of presence in a VE (Figure 6). 
 
 
Figure 6: Development of Presence (igroup, 2004) 
 
Schubert et al. also stated that presence emerges out of the user’s mental model 
and his attention allocation as result of his cognitive processes. Presence is thereby re-
lated to the sense of acting in and with the VE and the concentration on the VE while 
ignoring the reality. This is in line with the attention allocation theory which is discussed 
later. 
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Schubert’s et al. efforts aimed at the exploration of possible factors loading on 
presence, contrary to Witmer and Singer who concentrated on presence itself. They 
conducted two sequential studies to develop an according questionnaire. In a first study, 
a combined questionnaire of 75 items (including PQ and SUS) was presented, and the 
data were analyzed. A principal component analysis with oblique rotation showed eight 
major components (Table 3). 
 
Table 3: Factor Analysis Study 1 (Schubert, Friedmann, & Regenbrecht, 2001) 
 
 
The analysis showed three components related to presence: SP7, INV8, and 
REAL9, with a total of 29 items loading on them. The constructs of immersion and inte-
raction are covered by the other factors. By using confirmatory factor analysis those 
                                            
 
7
 Spatial Presence 
8
 Involvement 
9
 Realness 
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items were selected, which only loaded on one component. This resulted in five items 
for SP, four for INV, and three for REAL. 
A 2nd study was run with the improved questionnaire in which only presence (SP, 
INV, REAL) and interaction (EXPL10, PRED11) related questions were used. A factor 
analysis of the collected data supported the findings of study 1 and resulted in five load-
ing components (Table 4). 
 
Table 4: Factor Analysis Study 2 (Schubert, Friedmann, & Regenbrecht, 2001) 
 
 
The resulting igroup presence questionnaire (IPQ) was further optimized and is 
able to distinguish between three factors for presence: sense of spatial presence, level 
of involvement (attention allocation), and judgment of VE’s reality (Figure 7). 
The post-test questionnaire consists of 14 questions (Appendix A) in which one 
covers sense of presence in general, five questions cover spatial presence, four in-
                                            
 
10
 Exploration of VE 
11
 Predictability and interaction 
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volvement, and four experienced realism. The answers have a scale from 0 to 6, and 
the sense of presence can be calculated as the sum of all questions. 
 
 
Figure 7: IPQ Factor Analysis (igroup, 2004) 
 
In further studies related to 3D-Games, Regenbrecht and Schuster (2002) used 
the IPQ and the three component approach to further analyze their relationships. They 
found a high correlation between perceived level of interaction and spatial presence but 
lower relation to involvement and sensed reality. 
The IPQ combines the questionnaires of Witmer and Singer and Slater et al. into 
a new questionnaire which showed in a factor analysis three major components which 
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were also observed by other studies. This mediating approach and the possibility to dis-
tinguish between the three components of presence advocated the use of the IPQ in 
this experiment. 
Despite the advantages of post-test questionnaires for presence, they have the 
disadvantage of being subjective and are delayed to the actual experience (Lee & 
Perez, 2008; Riley, 2001). This introduced the desire to establish direct, objective, and 
quantifiable measures of presence related factors. 
2.6.2.2 Objective Measures 
The desired objective measures have to overcome the user’s subjective influ-
ences of questionnaires. One solution seems to be the relationship of physical meas-
ures to the construct of presence.  
Wiederhold et al. (2001) used the Tellegen Absorption Scale (TAS), Dissociative 
Experience Scale (DES), Simulator Sickness Questionnaire (SSQ), and the Presence 
Questionnaire (PQ) to analyze their relationship with quantitative measures as heart 
rate and skin conductance. The TAS questionnaire (Tellegen & Atkinson, 1974) re-
placed the ITQ and as additional measure for immersive tendencies Wiederhold et al. 
used the DES questionnaire (Carlson, Waller, & Putnam, 1996). The SSQ (Kennedy, 
Lane, Berbaum, & Lilienthal, 1993) assesses the possible experience of simulator sick-
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ness12. Wiederhold et al. found that heart rate and skin resistance had high correlations 
with presence (PQ), degree of realism, and immersiveness. For the experiment, they 
used an emotionally challenging VE (high fidelity flight simulation). Also, they found a 
(expected) correlation between TAS and DES, and between the DES and PQ. 
The positive correlation of heart rate to presence was also supported by Meehan 
(2001). Additionally, Jang et al. (2002) found that the variance of the heart rate is also a 
possible measure for reactions to the VE. They used an active flight and a passive driv-
ing simulation for the experiments. Zimmons (2004) used a highly emotional and stress-
ful VE to test the relationship between physiological reactions (heart beat, skin tempera-
ture, and galvanic skin response) and aspects of the visual interface design (resolution 
and lightning). He used the SUS as questionnaire for presence and did not find a corre-
lation between the SUS and presence, contrary to the objective measures which 
showed significant differences between the two test environments. Slater’s research to 
establish physiological measures for presence showed in one study that even in not 
stressful scenarios participants generated increased anxiety based on psychological 
preconditions, in this case social anxiety (Slater, et al., 2006). The results concerning 
perceived presence indicate that the emotional content of the VE has a much higher in-
fluence on the physical measures than the perceived sense of presence. The partici-
                                            
 
12
 Witmer and Singer (1998) found that simulator sickness is negative related to presence and it 
also affects performance. 
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pant’s psychological pre-condition in relation to the emotional content of the simulation 
seems to affect the perceived level of stress and hence the physiological measures.  
The literature showed a correlation especially between heart rate and presence 
in virtual environments, but the studies often used emotional arousing scenarios to fos-
ter the physical responses. With the assumed relation of presence and an emotionally 
unchallenging application, these objective measures were assumed to be less signifi-
cant. Nevertheless, an inclusion of the objective measure heart rate into the experiment 
was expected to bolster and complement the subjective IPQ. 
In the desire to establish quantifiable and objective measures for presence - be-
side physical measures - the associations of presence related constructs like attention 
allocation and situation awareness were utilized. 
Based on the attentional resource theory, Draper et al. (1996) assumed that the 
more attention is allocated to the VE, the higher the sense of presence should be. In 
their study, limited by a small sample size, they nevertheless found that the theory of a 
relationship between presence and allocated resources has value. Riley (2001) also 
used the attention allocation theory and found that presence is influenced by the atten-
tional allocation to the simulation. She also found an influence of task difficulty (work-
load) and situation awareness on presence. 
But, the high correlations of attentional resource allocation with task challenge 
(workload), emotional connection, situation awareness, and immersive tendencies make 
it difficult to establish attentional resource allocation as a measure for presence. Meas-
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ures of other constructs connected to the attentional resource theory, like situational 
awareness, were developed. 
Endsley defined situation awareness (SA) in three levels as (1) the perception of 
the elements in the environment, (2) the comprehension of their meaning, and (3) the 
projection of their status in the near future. Based on this definition Endsley expected a 
strong relationship between performance and SA. She therefore developed the Situa-
tion Awareness Global Assessment Technique (SAGAT) to optimize performance by 
optimizing SA (Endsley, Toward a Theory of Situation Awareness in Dynamic Systems, 
1995; Endsley, Measurement of Situation Awareness in Dynamic Systems, 1995).  
In the SAGAT approach, the experiment is randomly stopped (‘frozen’) and ran-
domized questions covering all three levels of SA are answered. The answers are then 
compared to the correct data of the VE and summarized in a percentage of correct an-
swers. The SAGAT was primary developed to assess and improve designs technolo-
gies for highly demanding tasks (e.g. displays in fighter aircrafts). Draper, Kaber, and 
Usher (1998) concluded that the user of a virtual environment experiences two distinct 
types of situation awareness: in the actual surrounding environment and in the VE. The 
level of situation awareness in the VE, which on the opposite side points to the disre-
gard of the real environment, allows conclusions about the level of presence (Draper, 
Kaber, & Usher, Telepresence, 1998). Although the use of SA as an indirect but objec-
tive measure for presence seemed viable, the applied scenarios needed a certain depth 
and contend for the participant to develop testable SA-levels. The experimental scena-
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rio would have to support all three levels of SA and should have a certain length to ena-
ble a valid questionnaire. But, the proposed experimental design with the intention to 
minimize technical impacts on performance and a limited reality will not support such 
complexity of the scenario. The current experimental design asks for minimal effects of 
the scenario on presence, which defies the necessary scenario complexity for the SA-
GAT. 
2.7 Differentiation of Planned Research from Existing Literature 
The review of the current literature showed the struggle to capture the concept of 
presence and to define its relation to performance and other constructs. The proposed 
and assumed relationship between performance and presence drives the discussion, 
since it is the aim to develop simulations and teleoperation systems that enhance per-
formance. Often, the proposed approach to enhance presence to foster performance is 
expensive and not proven in all aspects. Further, the relationship between presence 
and performance is difficult to establish since the related factors are not easy to isolate 
in the experimental setting. Comparisons within simulations are hampered by the use of 
the same technology, which - based on this study’s hypothesis - affects presence nega-
tively. Additionally they are often confounded with the concept of immersion. The com-
parison of simulation to reality (e.g. live exercises or use cases), on the other side, is 
not easy to evaluate since many additional factors are influencing the outcome of the 
real task. The current review established correlations between the constructs of pres-
ence, spatial awareness, cognitive workload, immersion, attention allocation, and per-
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formance, but often the results are confounded within the constructs itself or highly task 
related. Subsequently, the results differ significant between studies. 
The direct comparison between a confined simulation and an also confined task 
in a miniature world minimizes the influencing factors and leads to a direct comparison 
of the perceived sense of presence and the performance in relation to the implementa-
tion type. Despite the numerous observations in conducted experiments, this approach 
was not yet taken. The experiment will lead to a better understanding of the construct of 
presence and its relation to performance. The possibility to use different measures for 
presence in very similar setting will also contribute to a better understanding of the di f-
ferent measures and their relation to presence. 
2.8 Summary 
Originating from the hypothesis that the user’s sense of presence and subse-
quent his performance is different based on the application type, the review of the cur-
rent literature led to several conclusions about the hypothesis and its experimental im-
plementation. 
Firstly, the concept of presence is not conclusive and generally established. Es-
pecially the differentiation between presence and immersion is an ongoing discussion. 
The hypothesis and the experimental design acknowledged this by clear distinction be-
tween presence and immersion. This study thus followed the approach to see immer-
sion as the technical and quantifiable contributor to the psychological construct of pres-
ence. The uncertainty connected with the construct of presence and its relation to per-
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formance had led to different and numerous measures. This study utilized a subjective 
(IPQ) and an objective (heart rate) measure for presence. 
Secondly, the user’s cognition to perform the given task is essential for the eval-
uation of performance. One aspect is spatial ability, which has a high influence on te-
leoperation tasks (esp. UGV operation) and was addressed in the experimental design. 
Other cognitive aspects were the perceived workload, which also influences the perfor-
mance, and immersive tendencies, which affect presence. 
Thirdly, the extreme high influence of the application’s technical characteristics to 
performance had to be eliminated as much as possible. The experiment, by using a si-
mulation and a miniature teleoperation task, followed this requirement. 
The performance measures had to focus on the task and were not related to the 
technical application. Measures were number of runs [runs], errors in robot manipula-
tions [errors], and average robot speed [speed]. 
A summary of the related construct, variables, and measures is shown in Table 
5. 
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Table 5: Factors and Experimental Design 
Category Factor Remarks Experimental 
Design 
Reference 
Technical – 
Interface 
Hardware 
Visual clues 
e.g. depth, resolution, up-
date rate 
Ability of the display to stimu-
lated human vision 
Constant (May & Badcock, 2002), (Nash, Edwards, 
Thompson, & Barfield, 2000) 
Auditory cues Ability to support the user’s 
auditory perception o f the VE 
Constant (Shilling & Shinn-Cunningham, 2002) 
Haptic cues Manipulation of objects with 
active interfaces that allow 
‘feeling’  
Not used (Biggs & Sriniwasan, Haptic Interfaces, 2002) 
Body acceleration Perception of acceleration in 
the VE 
Constant (Lawson, Sides, & Hickinbotham, 2002), (Nash, 
Edwards, Thompson, & Barfield, 2000) 
Motion tracking Ability to track user’s move-
ment 
Not used (Foxlin, 2002) 
Gesture recognition Ability to interact with VE Not used (Turk, 2002) 
Input device design Task dependent degrees of 
freedom, two handed opera-
tion 
Constant (Bowman, 2002), (Nash, Edwards, Thompson, 
& Barfield, 2000), (Sadowsky & Stanney, 2002) 
Spatial resolution Finesse of spatial detail. Constant (Nelson & Bolia, 2002) 
Temporal resolution Temporal mismatch between 
multiple inputs 
Constant (Nelson & Bolia, 2002) 
Breadth Level of modality Constant (Nash, Edwards, Thompson, & Barfield, 2000) 
Ease of interaction, map-
ping 
See interface design Constant (Sadowsky & Stanney, 2002) 
User initiated control, range 
of interactions 
 Constant (Sadowsky & Stanney, 2002), (Witmer & 
Singer, AD-A286 183, 1994), (Nash, Edwards, 
Thompson, & Barfield, 2000) 
Technical -
Interface 
Software 
Pictorial realism  Constant (Sadowsky & Stanney, 2002) 
Length of exposure  Constant (Sadowsky & Stanney, 2002) 
Social factors Interaction with other avatars Not used (Sadowsky & Stanney, 2002) 
System factors Realism, interface, interaction Constant (Sadowsky & Stanney, 2002) 
Simulator Sickness  Measured (Kennedy, Lane, Berbaum, & Lilienthal, 1993), 
(Sadowsky & Stanney, 2002) 
Immersion Objective extend of technical 
modality and fidelity 
Constant (Slater & Wilbur, A framework for immersive 
environments (FIVE), 1997) 
Consistency Predictability of reaction in VE Constant (Nash, Edwards, Thompson, & Barfield, 2000) 
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Category Factor Remarks Experimental 
Design 
Reference 
Technical -
Interface 
Software 
Self representation Avatar or  representation of 
user 
 
Constant (Nash, Edwards, Thompson, & Barfield, 2000) 
Cognition 
Personality 
Traits 
Affects Motivation, feelings, attitudes, 
emotions, anxiety, values 
Randomized (Sherman & Craig, 2003), (Ford Morie, Tortell, 
& Williams, 2008), (Nash, Edwards, Thompson, 
& Barfield, 2000), (Tennyson & Breuer, 2002) 
Attention and concentration, 
involvement, situation 
awareness 
Psychological level of atten-
tion committed to the virtual 
stimuli. 
Measured vari-
able 
(Kaber, Draper, & Usher, 2002), (Foxlin, 
2002)(Munro, Breaux, Patrey, & Sheldon, 
2002), (Witmer & Singer, 1998) 
Spatial aptitude Position and orientation in VE Randomized, 
measured 
(Kaber, Draper, & Usher, 2002), (Witmer, 
Sadowsky, & Finkelstein, Technical Report 
1103, 2000) 
Reasoning aptitude Strategy development Randomized (Kaber, Draper, & Usher, 2002) 
Immersive tendencies  Variable, 
measured 
(Kaber, Draper, & Usher, 2002), (Witmer, 
Sadowsky, & Finkelstein, Technical Report 
1103, 2000) 
Adaptability Adjustment to new circums-
tances 
Randomized (Nash, Edwards, Thompson, & Barfield, 2000) 
Cognitive 
Experience 
User experience 
Memory 
User’s  
-Knowledge 
-Skills 
-Mental models of task and 
simulation 
-Gaming experience 
Randomized, 
partly monitored 
(Kaber, Draper, & Usher, 2002), (Sherman & 
Craig, 2003) 
Cultural background  Randomized (Sherman & Craig, 2003) 
Workload Perceived or real Manipulated, 
measured 
(Lee & Perez, 2008) 
Cognitive 
Psycho-
physiological 
Age / Disabilities Confounded with other indi-
vidual constructs (e.g. expe-
rience, aptitudes) 
Randomized (Kaber, Draper, & Usher, 2002) 
Sex Contrary study results, often 
related to other constructs 
(e.g. spatial abilities) 
Stratified (Chen, Durlach, Sloan, & Bowsen, 2005), 
(Peters, 2005) 
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CHAPTER 3: RESEARCH DESIGN 
3.1 Research Questions 
The main hypothesis stated that the user’s mental state depends on his/her as-
sessment of the simulation as ‘not real’ and that this limits his/her sense of presence. 
Limited presence, in turn, leads to a more careless behavior that is exempt from the fear 
of negative outcomes, which in the end affects performance. 
Each single relationship between (a) type of application/danger to equipment, (b) 
sense of presence, and (c) performance had to be established in this research. Also, it 
had to be established that (d) presence affects performance and not the reverse. Sub-
sequently, it was the aim of this research to answer the following questions: 
1. In a teleoperation task, will the perceived danger to equipment presented in a minia-
ture world lead to a higher sense of presence, compared to a non dangerous simula-
tion? (AB) 
2. Will a higher sense of presence lead to a change in performance (higher in quality, 
lower in speed)? (AC) 
3. Will a changed workload of the teleoperation influence performance but not pres-
ence? (BC) 
To establish these relationships, the experimental setting had to enable the mea-
surement of presence, performance, and workload based on the two possible applica-
tion types with two different workload levels. To establish the argument, that the per-
ceived danger to equipment affects presence, the operator’s assessment of such dan-
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ger also had to be monitored. Additional affecting constructs like immersive tendencies 
and the user’s (task related) cognitive abilities were observed.  
The requirements of technical comparability were fulfilled by using a miniature-
world-based ‘real’ application and a virtual simulation, each with two levels of difficulty. 
The levels of difficulty had to be related to the task itself and were not connected to the 
interface, since differences of the interface design would have affected presence. 
The miniature world allowed a laboratory-like environment in which the perfor-
mance-influencing effects of a natural environment (e.g. changing weather, ground con-
ditions) were eliminated. Additionally, anecdotal observations of the behavior in the mi-
niature world suggested that the prospect of ‘damaging’ the miniature robot already af-
fected the operator. In the experimental setting, the simulation replaced the robot (UGV) 
while the real operational controls were kept. 
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3.2 Research Design 
Performance 
in 
Teleoperation
Sense of 
Presence
Simulation vs. 
Reality
VE
Miniature
World
Mediating VariableIndependent Variable Dependent Variable
IPQ Speed Quality
Individual Abilities
Workload
HR
 
Figure 8: Research Model 
 
The graphical research model (Figure 8) shows the assumed relationships be-
tween the constructs, factors, and variables. The independent variables were applica-
tion type (virtual environment or miniature world) and level of difficulty (workload). The 
difference between the two types of application was limited to the way the robot existed: 
as a virtual model (VE) or as a real mini robot (miniature world). 
Following the research question it was expected that there is - depending on the 
application - a difference in presence and hence in performance. Although the relation-
ship between presence and performance is not commonly established in similar re-
search, the literature has shown evidence for the argument that increased presence fos-
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ters better performance for tasks with VE-based movement (Sadowsky & Stanney, 
2002). This also applied for the given teleoperation task. The findings of Sadowsky and 
Stanney were supported by Riley (2001), who also found a positive correlation between 
presence and performance in a teleoperation task. Nevertheless, this study enhances 
the knowledge about this relationship. The introduction of performance- but not pres-
ence-affecting workloads was intended to document that the performance differences 
were triggered by the changed sense of presence and not vice versa. 
Given the expected relation of presence and performance, the theoretical model 
defined performance as a dependent variable and presence as a mediating variable 
(Garson, 2002). The sense of presence was measured by the IPQ and average heart 
rate (HR), while the performance measures were (a) number of surrounded cylinders 
(‘runs’), (b) operational errors, and (c) average speed. 
The external influence of the user’s cognitive abilities and state were measured 
and assessed. To eliminate the possible technical effects on performance, the experi-
mental design had to ensure a similar capabilities and behavior of the robot in both ap-
plications. 
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3.3 Sub-Hypotheses 
Application Type
Sense of Presence
Performance
IPQ/HR
Speed/Quality
Simulation
easy - difficult
Miniature
easy - difficult
ITQ
NASA 
TLX
Spatial 
Abilities
 
Figure 9: Path Diagram of Model and Measures 
 
Derived from the research questions and the research design, the following rela-
tionships (Figure 9) were assumed: 
1. Application type and the perceived sense of presence are related. The sense of 
presence in the simulation would be lower than in the real teleoperation task. The 
measurements of presence should be correlated between simulation and miniature 
world. With the given measures for presence this translated into: 
 58 
 
H11a: IPQ/HR
13 (miniature world) > IPQ/HR (simulation). 
H11b: IPQ/HR positively correlated between simulation and miniature world. 
2. The application type is correlated to the performance. The number of runs, average 
speed, and number of errors would be higher in the simulation. 
H12a1: Runs (simulation) > runs (miniature). 
H12a2: Speed (simulation) > speed (miniature). 
H12a3: Errors (simulation) > errors (miniature). 
H12b: Runs/speed/errors are positively correlated with miniature world/simulation. 
3. The perceived sense of presence would be negatively related to the level of perfor-
mance. Higher presence leads to lower performance measures. 
H13a: IPQ-scales and performance are negatively related. 
H13b: HR and performance are negatively related. 
4. To conclude the argument that performance was affected by presence and not vice 
versa, the level of difficulty was introduced as an independent variable. If perfor-
mance was affected by level of difficulty but not presence, we could assume that the 
relationship is causal from presence to performance. 
H04a: IPQ-scales between levels of difficulty are not significantly different. 
H04b: HR between levels of difficulty are not significantly different. 
H14c: Runs/speed/errors are higher in the easy tasks. 
                                            
 
13
 HR: average heart rate 
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5. The discussion of the used measures revealed sub-hypotheses which needed to be 
observed. 
H15a: There exists correlation between IPQ and HR. 
H15b1: Spatial visualization and runs/speed/errors should be positively correlated. 
H15b1: Spatial orientation and runs/speed/errors should be positively correlated. 
H15c: Immersive tendencies and presence should be positively correlated. 
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CHAPTER 4: METHODOLOGY 
4.1 Population, Sampling, and Data Acquisition 
The population for the experiment was comprised of UCF students and members 
of the UCF’s Institute for Training and Simulations (IST). The participants were equally 
distributed to the two experimental groups, defined by the sequence of experimental 
environments (VE-Mini or Mini-VE). In prior experiments the participants sometimes 
lacked the necessary commitment to perform at peak level. Since performance is one of 
the key factors of the experiment a financial incentive was introduced, depending on the 
overall performance in the tasks. All four tasks were conducted by the participants in 
one sequence to decrease variance and to enable a correlation analysis. The sequence 
of treatments was stratified to control and eliminate sequence-based influences. 
To calculate the statistical power a-priory, G*Power 3 (Faul, Erdfelder, Lang, & 
Buchner, 2007) with effect sizes of 0.5 (medium) for differences of means and 0.4 (me-
dium-high) for correlation analyses14, was used. The a-priory analysis resulted in esti-
mated sample sizes of 27 for means and 37 for correlation tests. 
4.2 Experimental Design 
4.2.1 Instrumentation 
The experiment took place at the Team Performance Laboratory (TPL) in the 
Partnership II building of IST at UCF. The operator station both for the simulation and 
                                            
 
14
 Defined by Cohen (Cohen, 1988), as cited by Faul et al. (Faul, Erdfelder, Lang, & Buchner, 
2007). 
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the miniature robot were in one room. The miniature world was set up in a neighboring 
room and was not visible for the participant. 
The virtual simulation used an exact replica of the miniature environment, includ-
ing the robot (Figure 10). The simulation was running on two networked PCs, one as 
operator station with the egocentric view (Figure 11) and the second PC for observation 
and recording (top-down view, Figure 11). The VE was developed in Unity3D15 and then 
implemented into the Sarge16 simulation. The robot was operated with a joystick. 
 
 
Figure 10: Robots (VE and Mini) 
 
                                            
 
15
 Unity3D: multiplatform game development tool (http://unity3d.com/) 
16
 SARGE: Search and Rescue Game Environment (http://sarge.sourceforge.net) 
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Figure 11: Views VE (Egocentric and Top-down) 
 
The miniature experiment also used a PC with joystick as operator station. In this 
case, the robot was radio-controlled. The robot itself was a customized miniature ve-
hicle with a fixed forward view camera; the additional 360 degree camera was not used 
(Figure 10). The egocentric camera view was then transmitted to the operator station. 
To support a post analysis of the experiment a top-down camera recorded the robot’s 
movements. 
Although the robot had wheels, it moved like a tank as so far as for for-
ward/backwards movements all wheels turned forwards/backwards together. For turns 
while standing, the wheels on one side moved forward while the ones on the other side 
moved backwards. While driving forwards/backwards and steering, the respective side 
stopped while the other moved on (Figure 12). As result the robot turned on the spot 
when standing and turned more car-like when driving. 
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Figure 12: Robot Control 
 
Heart rate was monitored with a POLAR Transmitter (Figure 13) and an RS 400 
receiver which measured HR at 1/sec intervals. The data was transferred to a PC via 
the POLAR Trainer 5 software, which calculated the average HR during the tasks. 
 
 
Figure 13: POLAR Transmitter 
 
4.2.2 Staging of Scenario and Manipulation Check 
An important feature of the experiment was the perceived danger to the miniature 
robot, affecting the sense of presence. During the experiment, two aspects had to be 
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acknowledged with respect to the operator’s psyche: monitoring the perceived danger 
(‘manipulation check’) and insuring this perceived danger to the equipment (‘staging’). 
The assumption that the application type changes the user’s attitude based on 
the perceived danger to equipment had to be confirmed in the experiment. This mea-
surement of the independent variable is called the manipulation check (Sigall & Mills, 
1998). The application of this check must ensure that it does not affect the participant’s 
perception of this factor: ‘Why, if what I was told is true, do they need my opinion?’ 
(Sigall & Mills, 1998, p. 219). Hence, the manipulation check to confirm a changed per-
ceived danger to the robot was administered as a questionnaire after the treatments in 
the respective environments. 
Ford Morie et al. (2008) found that the setting and introduction of a simulation 
changed the perception of the task itself. They ‘staged’ identical scenarios in a gaming 
environment and as a military task. Soldiers reacted to this staging by higher involve-
ment in the military environment. Applied to the given experimental setting it was ne-
cessary to enhance the motivation of the participant both to ensure the full commitment 
to the given tasks and to foster the perceived danger to the robot in the miniature world. 
Means to ensure the motivation and enhance the perceived danger were: 
 A point-system based on the performance which increased or decreased the level of 
incentives the participant received after finishing the whole experiment. The higher 
performance (number of runs), the higher the financial incentive. 
 The ‘value’ of the robot was exaggerated during the introductory phase and in the 
wording of the written introductions. 
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4.3 Tasks and Measurements 
The task was to drive of the robot around two cylinders on a table (Figure 14). 
The imminent danger to the robot was to fall off the table. The level of difficulty was ma-
nipulated by different distances between the cylinders and the table edge: the distance 
was 190 mm (2x vehicle width) for the easy task and 135 mm for the difficult one (1.2x 
vehicle width). One ‘run’ was defined as completion of one lap around a cylinder and the 
crossing of the middle line (Figure 14). 
 
Easy
1218 mm
578 mm 
130 mm
708 mm 607 m
m
190 mm
 
Figure 14: Task Outline 
 
Quality/accuracy in the given tasks was defined as the avoidance of mistakes like 
hitting the cylinders or falling off the edge. If the robot fell off or was not operable at the 
edge, the task had to be restarted. Measure for quality was the number of restarts dur-
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ing one time period [errors]. The resetting, especially of the miniature world, required 
some time which was covered by an administrative penalty time of 1 minute. Hitting or 
sliding along the cylinders resulted in a loss of speed and thereby needed no immediate 
reaction/penalty. 
Beside quality/accuracy of the robots operation, speed was an additional meas-
ure. It was technically difficult to establish a reliable measure for speed in the miniature 
world, but higher speed showed itself in a high number of runs in the given time [runs]. 
Based on the penalty time for errors, the number of runs as one measure for 
speed was directly correlated to the number of errors: the more errors the less opera-
tional time. An isolated measure for speed was derived by calculating the number of 
runs within the operational time [runs/min.]. The operational time was calculated from 
experimental time minus penalty time17. This measure allowed for the distinction be-
tween a participant who had a low number of runs due to a high error rate and another 
who had few runs due to a very careful operation (few errors). 
As objective measure for presence, average heart rate (HR) was taken conti-
nuously during the tasks including the training phase to accustom the participant to the 
used system. The IPQ, as subjective measure, was administered after each treat-
ment/task, including the practice phases, as was the NASA-TLX. 
                                            
 
17
 The operational time cannot always be derived from the number of restarts. If an operational 
error happened within the last minute of the task the operational time was higher than 5 – N minutes and 
speed was calculated accordingly  
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Cognitive abilities were assessed in the initial phase of the experiment by the 
Guilford-Zimmerman tests for Spatial Visualization and Spatial Orientation, and the ITQ. 
The assessment of simulator sickness (SSQ) was conducted during the initial phase 
and after the final virtual experiment. Additional information about the participants (age, 
gender, gaming experience, etc.) was collected in the initial phase in a general ques-
tionnaire. 
4.4 Summary of Measures 
A summary of measures is shown in Table 6. 
Table 6: Summary of Measures 
Variable Measure Remarks 
Sense of Presence 
IPQ 
HR (average) 
Relationship between IPQ 
and HR had to be ob-
served. 
Cognitive Abilities 
 spatial 
 immersive tendencies 
 
Guilford-Zimmerman tests 
ITQ 
 
Performance 
 number of runs 
 number of operational errors 
 average robot speed 
 
Level of difficulty/workload NASA TLX  
Perceived danger to 
equipment 
Questionnaire  
Simulator Sickness SSQ 
Affecting performance 
and presence  
User Experience Questionnaire Gaming/VE experience 
 
The design of the experiment ensured a minimal technical effect on performance 
between the two applications. Identical tasks on each difficulty level and within each ap-
plication were used to prevent undesired performance differences between applications. 
The elimination of technical performance influences and the control of cognition-based 
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effects assured that the observed performance changes were based on a difference in 
presence. 
4.5 Procedure 
Based on the task to circle the two cylinders in two different tasks levels and a 
familiarization phase, the sequence for each environment was practice phase (3 min.), 
easy task (5 min.), and difficult task (5 min.). Figure 15 shows the flowchart of the expe-
riment. 
•Introduction
•Informed Consent Form
• General Questionnaire
• SSQ
• ITQ
• Guilford-Zimmerman Test
Mini/VE Easy
Mini/VE Difficult
Familiarization 
Mini/VE
VE/Mini Easy
VE/Mini Difficult
Familiarization 
VE/Mini
• SSQ
• De-Briefing/Feedback
• IPQ
• NASA TLX
• IPQ
• NASA TLX
• IPQ
• NASA TLX
• Manipulation Check
• IPQ
• NASA TLX
• IPQ
• NASA TLX
• IPQ
• NASA TLX
• Manipulation Check
BREAK
BREAK
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Figure 15: Flow Chart of Experiment 
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4.6 Summary 
The aim of the experimental design was to measure presence, performance, and 
workload in four different treatments/settings. Based on the measurements the relation-
ship between application type, presence, and performance could then be analyzed. 
To minimize individual effects on the measurements, a within-subjects design for 
all four treatments was selected. This approach allowed the analysis of differences in 
the results between the treatments. The influence of training and eventually boredom 
based on the sequence and/or simplicity of the task had to be observed. The hypothes-
es and the respective relationships of measures are shown in table 7. 
 
Table 7: Summary of Hypotheses and Measures 
Hypothesis Measures 
H1: Presence increases from simulation to miniature 
world. 
H11a: IPQ/HR (mini) > IPQ/HR (VE) 
H11b: IPQ/HR correlated with VE/Mini 
H2: Performance decreases from simulation to minia-
ture world. 
H12a1: runs (VE) > runs (Mini) 
H12a2: speed (VE) > speed (Mini) 
H12a3: errors (VE) > errors (Mini) 
H12b: runs/speed/errors correlated with VE/Mini 
H3: Performance decreases when presence increases. H13a: IPQ negatively related to performance 
H13b: HR  negatively related to performance 
H4: Workload affects performance but not presence. H04a: IPQ (easy) ≈ IPQ (difficult) 
H04b: HR (easy) ≈ HR (difficult) 
H14c: performance (easy) > performance  (diffi-
cult) 
H5: Assumptions from literature review H12a1: IPQ correlated with HR 
H12a1: Spatial visualization correlated with per-
formance 
H12a1: Spatial orientation correlated with perfor-
mance 
H12a1: ITQ correlated with IPQ 
Note:  Parametric statistics: t-test, Pearson’s Correlation 
 Non-parametric statistics: Wilcoxon Signed Rank test, Spearman’s Rho 
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CHAPTER 5: RESULTS 
5.1 Descriptive Statistics of Measurements 
The statistical analysis was conducted with SPSS 12.5 and, if not otherwise 
stated, using α=0.05. In all cases data were tested for normality and parametric statis-
tical analyses used were t-tests for means and Pearson correlation for relationships. For 
the non-parametric measures, the Wilcoxon-Signed Ranks test for medians and 
Spearman’s Rho for correlations were used.  
Table 8 to 12 show the means, standard deviations, minimum/maximum, and 
correlations for the demographic data and tests administered. The correlation tests are 
2-tailed since they were not hypotheses-related. Additional analyses and results were 
shown in context with their respective hypothesis. 
Overall 40 participants were recruited for the experiment; two did not finish due to 
acute nausea/dizziness. Additionally, two heart rate readings were not usable due to 
wrong data transfer of the transmitter. Thus, 38 datasets were available for the analysis 
using the presence questionnaire and 36 for heart rate based analyses.  
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Table 8: Means, Standard Deviations, and Correlations of Personal Data 
  Age 
Gend-
er 
Familiar-
ity with 
Games 
ITQ (Immer-
sive Tenden-
cies Question-
naire) 
Spatial 
Orientation 
Test 
Spatial Vi-
sualization 
Test 
Age Spearman 
Correlation 
M=19.87 .205 .201 -.071 -.169 -.028 
  Sig. (2-tailed) 18/27
b 
.218 .226 .672 .309 .866 
  N 38 38 38 38 38 38 
Gender 
a 
Spearman 
Correlation 
 M=0.6 -.336 -.262 -.245 -.352 
  Sig. (2-tailed)   .039 .107 .127 .026 
  N  40 38 39 40 40 
Familiarity 
with 
Games 
Pearson Cor-
relation   M=3.34 .539 .223 .357 
  Sig. (2-tailed) 
  
SD=1.66
5 .000 .177 .028 
1/6
b 
  N   38 38 38 38 
ITQ (Im-
mersive 
Tenden-
cies 
Question-
naire) 
Pearson Cor-
relation 
   M=4.226 .117 .211 
  Sig. (2-tailed) 
   
SD=.929 
.477 .198 
2.44/6.39
b 
  N    39 39 39 
Spatial 
Orienta-
tion Test 
Pearson Cor-
relation     M=15.056 .639 
  Sig. (2-tailed) 
    
SD=9.633 
.000 
1.5/39.0
b 
  N     40 40 
Spatial 
Visualiza-
tion Test 
Pearson Cor-
relation      M=16.344 
  Sig. (2-tailed) 
     
SD=9.402 
-2.5/37.0
b 
  N      40 
a
 Male = 0, Female =  1, M shows percentage of female in sample population. 
b 
Min./Max.
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Table 9: Means, Standard Deviations, and Correlations for Measurements of the Simula-
tion’s Easy Task (VEE) 
    IPQVEE TLX VEE HR VEE  MajVEE SpVEE RunsVEE 
IPQVEE  
(Presence 
Questionnaire) 
  
Pearson 
Correlation 
M=37.16 -.070 .285    
Sig. (2-
tailed) 
SD=15.09 .675 .087    
 3/68
d 
     
N 38 38 37    
TLX VEE 
(Workload  
Index)  
Pearson 
Correlation 
 M=709.24 -.090    
Sig. (2-
tailed) 
 SD=305.559 .595    
  135/1300
d 
    
N  38 37    
HR VEE  
(Average Heart 
Rate) 
  
  
Pearson 
Correlation 
  M=79.34    
Sig. (2-
tailed) 
  SD=11.278    
   60/105
d 
   
N   38    
MajVEE 
(Errors 
a
) 
Spearman 
Correlation 
.109 .375 .041 M=0.44   
  Sig. (2-
tailed) 
.513 .020 .806 0/3
d 
  
  N 38 38 38 39   
SpVEE  
(Speed 
b
) 
  
  
Spearman 
Correlation 
.069 -.305 -.202 -.077 M=6.378  
Sig. (2-
tailed) 
.679 .062 .224 .639 SD=1.677  
     1.8/8.2
d 
 
N 38 38 38 39 39  
RunsVEE 
(Number of 
Runs 
c
) 
  
  
Spearman 
Correlation 
-.023 -.398 -.061 -.487 .787 M=28.99 
Sig. (2-
tailed) 
.890 .013 .714 .002 .000 SD=9.947 
      3/41
d 
N 38 38 38 39 39 39 
a 
Number of falls from the table. 
b
 Number of rounded cylinders per minute. 
c
 Number of rounded cylinders in 5 minutes. 
d
 Min/Max 
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Table 10: Means, Standard Deviations, and Correlations for Measurements of the Simula-
tion’s Difficult Task (VED) 
  IPQVED TLX VED HR VED MajVED SpVED RunsVED 
IPQVED 
(Presence 
Question-
naire) 
  
  
Pearson 
Correla-
tion 
M=35.58 .056 .183    
Sig. (2-
tailed) 
SD=17.415 .744 .285    
 1/71
d 
     
N 38 36 36    
TLX VED 
(Workload 
Index) 
  
  
Pearson 
Correla-
tion 
 M=789.86 -.052    
Sig. (2-
tailed) 
 SD=315.181 .769    
  25/1360
d 
    
N  36 34    
HR VED 
(Average 
Heart Rate) 
  
  
Pearson 
Correla-
tion 
  M=76.61    
Sig. (2-
tailed) 
  SD=10.608    
   57/102
d 
   
N   36    
MajVED 
(Errors 
a
) 
Spearman 
Correla-
tion 
-.170 .206 .039 M=1.03   
  Sig. (2-
tailed) 
.308 .229 .823 0/3
d 
  
  N 38 36 36 38   
SpVED 
(Speed 
b
) 
  
  
Spearman 
Correla-
tion 
.196 -.448 .032 -.391 M=4.955  
Sig. (2-
tailed) 
.238 .006 .855 .015 SD=2.130  
     1.22/8.8
d 
 
N 38 38 36 38 38  
RunsVED 
(Number of 
Runs 
c
) 
  
  
Spearman 
Correla-
tion 
.204 .438 .023 -.669 .926 M=20.97 
Sig. (2-
tailed) 
.218 .008 .896 .000 .000 SD=10.620 
      3/38
d 
N 38 36 36 38 38 38 
a 
Number of falls from the table. 
b
 Number of rounded cylinders per minute. 
c
 Number of rounded cylinders in 5 minutes. 
d
 Min/Max 
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Table 11: Means, Standard Deviation, and Correlations for Measurements of the Miniature 
World’s Easy Task (MiE) 
  IPQ MiE TLX MiE HR MiE MajMiE SpMiE RunsMiE 
IPQMiE  
(Presence 
Questionnaire) 
  
  
Pearson 
Correlation 
M=48.71 .053 .190    
Sig. (2-
tailed) 
SD=16.064 .754 .266    
 17/84
d 
     
N 38 37 36    
TLX MiE 
 (Workload  
Index) 
  
  
Pearson 
Correlation 
 M=808.51 -.013    
Sig. (2-
tailed) 
 SD=321.830 .942    
  75/1500
d 
    
N  37 36    
HR MiE 
(Average Heart 
Rate) 
  
  
Pearson 
Correlation 
  M=80.64    
Sig. (2-
tailed) 
  SD=12.278    
   59/115
d 
   
N   36    
MajMiE  
(Errors 
a
) 
Spearman 
Correlation 
.034 .159 -.310 M=0.18   
  Sig. (2-
tailed) 
.839 .347 .066 0/2
d 
  
  N 38 37 36 38   
SpMiE 
 (Speed 
b
) 
  
  
Spearman 
Correlation 
-.122 -.311 .058 -.090 M=5.791  
Sig. (2-
tailed) 
.467 .061 .738 .591 SD=1.752  
     2.0/8.6
d 
 
N 38 37 36 38 38  
RunsMiE 
(Number of 
Runs 
c
) 
  
  
Spearman 
Correlation 
-.123 -.312 .109 -.282 .975 M=28.05 
Sig. (2-
tailed) 
.461 .060 .528 0.86 .000 SD=9.174 
      10/43
d 
N 38 37 36 38 38 38 
a 
Number of falls from the table. 
b
 Number of rounded cylinders per minute. 
c
 Number of rounded cylinders in 5 minutes. 
d
 Min/Max 
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Table 12: Means, Standard Deviation, and Correlations for Measurements of the Miniature 
World’s Difficult Task (MiD) 
  IPQMiD TLX MiD HR MiD MajMiD SpMiD RunsMiD 
IPQMiD  
(Presence 
Questionnaire) 
  
  
Pearson 
Correlation 
M=47.11 -.043 .278    
Sig. (2-
tailed) 
SD=16.776 .796 .091    
 11/84
d 
     
N 38 38 38    
TLX MiD 
 (Workload In-
dex) 
  
  
Pearson 
Correlation 
 M=962.63 -.126    
Sig. (2-
tailed) 
 SD=357.245 .449    
  75/1510
d 
    
N  38 38    
HR MiD 
(Average Heart 
Rate) 
  
  
Pearson 
Correlation 
  M=79.45    
Sig. (2-
tailed) 
  SD=11.123    
   60/106
d 
   
N   38    
MajMiD  
(Errors 
a
) 
Spearman 
Correlation 
-.274 .472 -.256 M=1.42   
  Sig. (2-
tailed) 
.096 .003 .121 0/4
d 
  
  N 38 38 38 38   
SpMiD 
 (Speed 
b
) 
  
  
Pearson 
Correlation 
-.081 -.246 .220 -.183 M=3.9842  
Sig. (2-
tailed) 
.629 .137 .184 .271 SD=1.779  
     1.4/8.0
d 
 
N 38 38 38 38 38  
RunsMiD 
(Number of 
Runs 
c
) 
  
  
Pearson 
Correlation 
-.084 -.308 .319 -.401 .888 M=14.95 
Sig. (2-
tailed) 
.615 .060 .051 .013 .000 SD=9.317 
  38    1/36
d 
N 38  38 38 38 38 
a 
Number of falls from the table. 
b
 Number of rounded cylinders per minute. 
c
 Number of rounded cylinders in 5 minutes. 
d
 Min/Max 
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Table 13: Means of Main Measures 
 IPQ 
(Pres-
ence) 
HR 
(Heart 
Rate) 
Errors Speed Runs TLX  
(Workload 
Index) 
Simulation Easy Task
 
37.16 79.34 .44 6.37 28.99 709.24 
Simulation Difficult Task
 
35.58 76.61 1.03 4.95 24.47 784.86 
Miniature World Easy Task
 
48.71 86.64 .18 5.79 28.05 808.51 
Miniature World Difficult Task
 
47.11 79.45 1.42 3.98 14.95 962.63 
 
5.2. Test of Manipulations 
5.2.1. Fear of Damage 
The hypotheses and hence the experiment were based on the theory that the 
operator experienced concern for the outcome of his actions. This manipulation, al-
though supposed to be implemented in the experimental design, had to be validated. A 
questionnaire consisting of three items was used to evaluate the perceived threat to the 
robot in the two environments. It was hypothesized that the operator’s perceived danger 
to the robot increased in the miniature world.  
The manipulation check for fear of damage showed that the perceived threat to 
the robot increased from 2.6 in the simulation to 3.5 in the miniature world (on a scale 
from 1-7). The Wilcoxon Signed Ranks test confirmed a statistical significance of this 
difference between simulation and miniature world (z = -2.962, p (1-tailed) = .0015), with 
a medium effect size of r=0.34 (Cohen 1988). This confirmed that the different applica-
tion types affected the perceived danger to the robot of the participants. 
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5.2.2 Task Difficulty 
The high difficulty condition of the experimental design induced a higher risk by 
reducing the gap between cylinders and table edge, but a validation of this alteration’s 
impact on the perceived workload between the two levels of difficulty was necessary. It 
was hypothesized that the workload index is higher for the difficult task (TLX Easy < 
TLX Diff). 
 
Table 14: Paired Sample t-test for Workload between Difficulty Levels within Environment 
  
  
Paired Differences  
  
Mean 
Std. Devi-
ation 
Std. Error 
Mean 
95% Confidence Interval 
of the Difference 
      Lower Upper t df 
Sig. (1-
tailed) 
TLX VE Easy - 
TLX VE Diff 
a -87.618 207.407 35.570 -159.986 -15.250 -2.463 33 .0009 
TLX Mi Easy - 
TLX Mi Diff 
b -130.588 214.715 36.823 -205.506 -55.671 -3.546 33 .0005 
a
 Difference of workload between the simulation’s easy and difficult tasks 
b
 Difference of workload between the miniature world’s easy and difficult tasks. 
 
The perceived workload, measured by the NATO-TLX, increased from 709.24 
(easy task) to 789.86 (difficult task) in the simulation and from 808.51 to 962.63 in the 
miniature world (on a scale from 0-1500). The t-test for paired samples showed a signif-
icant increase in workload from easy to difficult tasks for both environments (Table 14). 
It was concluded that the change in the cylinder position introduced a significant change 
in perceived workload. To allow for an assessment of the effects size Eta Squared was 
calculated and with  0.17 for easy and 0.33 for difficult tasks, the effects were assessed 
as large (Cohen, 1988). 
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5.3 Tests of Hypotheses 
5.3.1 Hypothesis 1 
The internal consistency test for IPQ and HR (Table 15) between difficulty levels 
but within the application type (VE/Mi) resulted in Cronbach’s alpha coefficients of 0.912 
for presence in the simulation, 0.898 for presence in the miniatures world, 0.978 for 
heart rate in the simulation, and 0.922 for heart rate in the miniature world. This sup-
ported the use of collapsed values for IPQ/HR for each environment as an average of 
the respective difficulty levels. The calculated average measurements are shown in Ta-
ble 16. The means are 36.33 for presence in the simulation, 47.91 for presence in the 
miniature world, 79.14 BPM18 for simulation, and 79.66 BPM for the miniature world.   
 
Table 15: Reliability Analysis for Presence and Heart Rate Within the Same Environment 
Items Cronbach’s Alpha N 
IPQVEE – IPQVED a 0.912 38 
IPQMiE – IPQMiD b 0.898 38 
HRVEE – HRVED c 0.978 36 
HRMiE – HRMiD d 0.922 36 
   
a
 Presence in simulation easy to difficult task. 
   
b
 Presence in miniature world easy to difficult task. 
   
c
 Heart rate in simulation easy to difficult task. 
   
d
 Heart rate in miniature world easy to difficult task. 
                                            
 
18
 Beats per minute 
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Table 16: Descriptive Statistics for Means IPQ and HR 
 N Minimum Maximum Mean 
Std. Devia-
tion 
IPQVE 38 3.50 67.00 36.3289 15.63359 
IPQMi 38 14.00 84.00 47.9079 15.64896 
HRVE 38 58.50 103.50 79.1447 10.93155 
HRMi 38 59.50 109.50 80.526 11.39985 
Note: IPQ = Presence, HR = Heart Rate, VE= Simulation, Mi = Miniature World 
 
H11a: IPQ/HR (miniature world) > IPQ/HR (simulation): 
It was hypothesized that perceived presence was higher in the miniature world 
[Mi] than in the simulation [VE]. The paired sample t-test for the IPQ resulted in a statis-
tically significant increase of presence from simulation (M=36.33, SD=15.63) to minia-
ture world (M=47.91, SD=15.65), t(37)=-5.632, p<.0005 (1-tailed). The eta squared sta-
tistic (.74) indicated a large effect size. 
 
Table 17: Paired Sample t-test IPQ and HR between Environments 
  
  
Paired Differences 
  
  
  
   
95% Confidence Interval of 
the Difference 
Mean of 
Difference 
Std.  
Deviation 
 Std. Error 
Mean Lower Upper t df 
Sig.  
(1-tailed) 
 IPQVE – 
IPQMi 
a -11.57895 12.67394 2.05598 -15.74477 -7.41313 -5.632 37 .000 
 HRVE – 
HRMi 
b -.789 4.00482 .64967 -2.22425 .40846 -1.397 37 .0855 
a
 Difference in presence between simulation and miniature world. 
b
 Difference in heart rate between simulation and miniature world. 
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The t-test for HR showed a statistically significant increase from simulation 
(M=79.15, SD=10.93) to miniature world (M=80.53, SD=11.4) at α=0.1, t(37)=-1.397, 
p=.0855 (1-tailed). The eta squared statistic (.05) indicated a small effect size. 
The hypothesis was supported for a significant difference in perceived presence 
(IPQ) between the simulation and the miniature world (Table 17). It was also supported 
for heart rate, but with less statistical significance. 
 
H11b: IPQ/HR positively correlated between simulation and miniature world: 
The perceived presence measured either with IPQ or HR was hypothesized to be 
positively correlated with the application type: the higher IPQ/HR in the simulation [VE], 
the higher in the miniature world [Mi]. 
The relationships between IPQ/HR within the simulation and the miniature world 
were investigated using Pearson product-moment correlation coefficients. There was a 
strong, positive correlation between perceived presence (IPQ) in the simulation and in 
the miniature world (r=0.672, N=38, p<.0005). For HR the correlation also was strong 
and positive (r=0.912, N=38, p<.0005). The results supported the hypothesis of a linear 
and positive correlation for perceived presence between the environments.  
5.3.2 Hypothesis 2 
The hypotheses were based on the assumptions that performance would be 
higher in the simulation. 
H12a1: runs (simulation) > runs (miniature). 
H12a2: speed (simulation) > speed (miniature). 
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H12a3: errors (simulation) > errors (miniature). 
An internal consistency test for performance (Table 18) within the application 
type (VE/Mi) using Spearman’s rho showed strong correlations for speed (rs=.625 [VE], 
rs=.741 [Mi]) and runs (rs=.656 [VE], rs=.592 [Mi]) but not for errors (rs=.287 [VE], rs=.193 
[Mi]) (Table 18). This supported the use of collapsed values for speed and runs, but not 
errors, the calculated values are shown in Table 19. In the following, the hypotheses will 
be tested with those collapsed means for speed (SpeedVE, SpeedMi) and runs 
(RunsVE, RunsMi), while errors related hypotheses will be tested using all four treat-
ment results. 
 
Table 18: Reliability Analysis Performance Measures using Spearman’s Rho 
Items Spearman’s Rho Sig. (2-tailed) N 
Speed Simulation Easy –  
Speed Simulation Diff 
.625 .000 38 
Speed Miniature Easy –  
Speed Miniature Diff. 
.741 .000 38 
Errors Simulation Easy – 
Errors Simulation Diff. 
.287 .080 38 
Errors Miniature Easy –  
Errors Miniature Diff. 
.193 .246 38 
Runs Simulation Easy –  
Runs Simulation Diff. 
.656 .000 38 
Runs Miniature Easy –  
Runs Miniature Diff. 
.592 .000 38 
 
Table 19: Descriptive Statistics Speed and Runs 
 N Minimum Maximum Mean 
Speed Simulation 38 1.78 8.10 5.6897 
Speed Miniature  38 1.90 7.80 4.8864 
Runs Simulation 38 3.83 39.00 25.0613 
Runs Miniature 38 7.50 37.00 21.5000 
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Hypothesis 2 assumed that speed, runs, and errors would increase in the simula-
tion. The Wilcoxon signed rank test (Table 20) showed a significant decrease in speed 
from simulation (M=5.69) to miniature world (M=4.89), z=-3.61, p<.001 (1-tailed). The 
test results for runs also showed a significant decrease from simulation (M=25.06,) to 
miniature world (M=21.5), z=-2.2822, p<.005 (1-tailed). The results for errors in the easy 
tasks showed a significant decrease in errors from simulation (M=.44) to miniature world 
(M=.18), z=-2.236, p<.05 (1-tailed), while the results for difficult tasks showed a signifi-
cant increase in errors from simulation (M=1.03) to miniature world (M=1.42), z=-1.842, 
p<.05. 
 
Table 20: Wilcoxon Signed Rank Test for Performance Measures 
  
Speed 
Mi - VE 
Runs 
Mi - VE 
Errors Easy Task 
Mi - VE 
Errors Diff. Task 
Mi - VE 
Z -3.606 -2.822 -2.236 -1.842 
Asymp. Sig. (1-tailed) .000 .0025 .0125 .0325 
         Note: miniature world = Mi, simulation = VE. 
 
In summary the hypothesis of decreased performance in the miniature worlds 
compared to the simulation was supported for speed, runs, and errors in easy tasks, but 
not for errors in difficult tasks. 
 
H12b: Runs/speed/errors are positively correlated with miniature world/simulation. 
This hypothesis was based on the assumption that a higher performance in the 
simulation would be associated with a higher performance in the miniature world. The 
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Spearman’s rho correlation test showed a significantly strong correlation for speed 
(rs=.714, N=38, p<.001) and runs (rs=.734, N=38, p<.001), but no statistically significant 
results for errors (Table 21). 
 
Table 21: Spearman’s Rho for Performance Measures between Applications (VE, Mi) 
Relationship Spearman’s rho Sig. (1-tailed) N 
SpeedVE - SpeedMi 0.714 .000 38 
RunsVE - RunsMi 0.734 .000 38 
Errors VE easy – Errors Mi easy 0.228 .085 38 
Errors VE diff. – Errors Mi diff. 0.043 .399 38 
 Note: simulation = VE, miniature world = Mi. 
 
The hypotheses were supported for speed and runs but not for errors. A further 
analysis of the errors data showed that the number of errors was low, which introduced 
a large number of ties into the Spearman’s correlation test. A different, proportion-
based, analysis of the errors showed that 33 (87%) of the participants improved their 
error rate or stayed at 0-errors in the easy task, and 11 (29%) improved in the difficult 
task. A z-test of the proportions for easy tasks showed significant support for a trend in 
error-improvement in easy tasks, z=4.5617, p<.001, with supports the hypothesis of a 
positive relationship. The low trend in difficult task (<50%) did not support the hypothe-
sis. 
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5.3.3 Hypothesis 3 
H13a: IPQ-scales and performance are negatively related. 
H13b: Heart rate and performance are negatively related. 
This hypothesis was based on the assumption that a higher presence leads to 
better performance, in this case: with higher presence a more ‘real’ performance was 
expected. In the given setting this meant lower speed, runs, and fewer errors due to an 
increased fear of damage to the robot. 
An analysis of the data showed that there was no numerical correlation between 
increase of IPQ/HR and performance. A higher increase of IPQ/HR did not translate into 
a comparable equal decrease of performance. Both, presence and performance were 
individual and not comparable in their numerical values, so that a proportional approach 
was used: the percentage of participants who followed the hypothesis was calculated 
and tested for its significance. 
Table 22 and Table 24 show the calculated changes in presence (or heart rate), 
speed, runs, and errors from simulation to miniature world. The hypothesis assumed 
positive changes in presence or heart rate and subsequently negative changes in per-
formance measures. For the rare cases of a decreased presence (or heart rate) the per-
formance measures were supposed to increase. All cases that followed this hypothesis 
were marked with ‘+’. 
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H13a: IPQ negatively related to performance. 
Table 22: Changes in IPQ and Performance from Simulation to Miniature World 
 
Change of  
Presence 
Change of 
Speed 
Change of 
Runs 
Change of 
Errors 
Easy Task 
a 
Change of 
Errors 
Diff, Task 
a 
1 31.5 -1.6 + -4.00 + -1 + -2 + 
2 40.5 -3.3 + -12.00 + 0 + 0 + 
3 39.5 -0.9 + -4.50 + 0 + 0 + 
4 1.5 1.1 - 5.00 - 0 + 1 - 
5 -9.0 -2.1 - -9.00 - 0 - 1 - 
6 3.0 -1.1 + -1.50 + 0 + 0 + 
7 4.0 -1.7 + -13.00 + -1 + 2 - 
8 14.5 -2.4 + -8.50 + 0 + -1 + 
9 25.0 0.4 - -0.50 + 0 + 2 - 
10 3.0 -1.3 + -3.00 + 0 + -1 + 
11 20.0 0.0 - -1.00 + 0 + 1 + 
12 37.5 -1.0 + 8.67 - 0 - -2 - 
13 10.5 -1.1 + -13.00 + 0 + 1 - 
14 14.0 -0.2 + -4.50 + 0 - 2 - 
15 14.0 -1.9 + -8.50 + -1 + 2 - 
16 1.0 -3.3 + -14.00 + -1 + 0 + 
17 15.0 0.4 - 4.50 - -1 + 0 + 
18 4.5 1.0 - 5.00 - 0 + 0 + 
19 31.0 -1.7 + -10.50 + 0 + 3 - 
20 17.5 -0.2 + 2.00 - -1 + -1 + 
21 10.5 -1.8 + -2.00 + -2 + 0 + 
22 -4.0 -0.2 - -8.00 - 0 - 2 - 
23 10.5 -0.7 + -3.50 + 0 + 2 - 
24 5.5 0.2 - 3.00 - -1 + 0 + 
25 4.0 -0.8 + -4.00 + -2 + 3 - 
26 8.5 0.7 - 7.50 - -1 + 0 + 
27 2.5 -2.3 + -9.00 + 0 + 0 + 
28 1.5 -0.7 + -8.00 + 0 + 2 - 
29 24.0 -1.2 + -13.50 + 1 + 2 - 
30 24.5 -0.4 + -3.50 + 0 + -1 + 
31 8.5 -1.1 + -3.50 + 0 + -2 + 
32 -1.5 0.0 - 6.50 - -1 - -1 - 
33 -0.5 0.1 + 1.50 + 0 - -1 - 
34 11.0 2.0 - 9.00 - 0 + 0 + 
35 9.0 -2.1 + -10.50 + 0 + 0 + 
36 15.0 -0.4 + -5.00 + 1 - 0 + 
37 -4.5 -1.5 - -11.50 - 1 + 1 - 
38 -3.0 0.3 + 1.50 + 0 - 0 - 
Note: + = measure followed hypothesis, -= measure did not follow, 
a
 No errors in both environments was assessed as +. 
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Table 22 showed that 26 participants (68%) changed their speed in accordance 
with the change in IPQ, 26 (68%) for number of runs, 30 (79%) for errors (easy task), 
and 20 (53%) for errors (difficult). To support the hypothesized relationship between 
presence and performance it had to be shown that the probabilities are significant high-
er than 50% (randomness). More than 50% probability would show the findings of nega-
tive relationships between presence and performance measures were not random. A z-
test for large samples was conducted; with H0: p=0.5, H1: p>p0, n*p0>4, and n*(1-p0)>4. 
For all four performance measures, the z-test for proportions showed the assumed sig-
nificant direction for speed (p<.05), runs (p<.05), and errors in easy tasks (p<.001). The 
hypothesis was supported for runs, speed, and errors in easy tasks, but not for errors in 
difficult tasks (Table 23). 
 
Table 23: Z-test for Performance Changes 
Negative Relationship Proportion following the hypothesis p-value 
Presence - Speed 68% 0.0136 
Presence - Runs 68% 0.0136 
Presence  -Errors (easy task) 79% 0.0005 
Presence  -Errors (diff. task) 20% 0.34 
     Note: H0: p=0.5, H1: p>p0. n*p0>4 and n*(1-p0)>4. 
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H13b: HR positively correlated to performance. 
Table 24: Changes in Heart Rate and Performance from Simulation to Miniature World 
 
Change of 
Heart Rate 
Change of  
Speed 
Change of 
Runs 
Change of 
Errors 
Easy Task 
a 
Change of 
Errors 
Diff- Task 
a 
1 -2.50 -1.56 - -4.00 - -1 - -2 - 
2 1.00 -3.25 + -12.00 + 0 + 0 - 
3 -0.50 -0.90 - -4.50 - 0 - 0 - 
4 3.00 1.12 - 5.00 - 0 + 1 - 
5 -2.00 -2.06 - -9.00 - 0 - 1 - 
6 1.50 -1.10 + -1.50 + 0 + 0 + 
7 -5.50 -1.72 - -13.00 - -1 - 2 - 
8 3.00 -2.40 + -8.50 + 0 + -1 + 
9 1.50 0.43 - -0.50 + 0 + 2 - 
10 6.00 -1.25 + -3.00 + 0 + -1 + 
11 0.00 0.00 - -1.00 - 0 - 1 - 
12 0.50 -1.02 + 8.67 - 0 - -2 + 
13 -0.50 -1.08 - -13.00 - 0 - 1 - 
14 8.50 -0.18 + -4.50 + 0 - 2 - 
15 2.00 -1.87 + -8.50 + -1 + 2 - 
16 -0.50 -3.29 - -14.00 - -1 - 0 - 
17 -4.50 0.40 - 4.50 - -1 - 0 - 
18 2.00 1.00 - 5.00 - 0 + 0 + 
19 -1.50 -1.65 - -10.50 - 0 - 3 - 
20 -6.00 -0.20 - 2.00 - -1 - -1 - 
21 1.00 -1.75 + -2.00 + -2 - 0 - 
22 1.50 -0.20 + -8.00 + 0 + 2 - 
23 3.50 -0.70 + -3.50 + 0 + 2 - 
24 -3.50 0.19 + 3.00 + -1 + 0 - 
25 -2.00 -0.80 - -4.00 - -2 - 3 - 
26 -3.00 0.69 + 7.50 + -1 - 0 - 
27 0.00 -2.28 - -9.00 - 0 + 0 + 
28 -2.00 -0.74 - -8.00 - 0 - 2 - 
29 3.50 -1.16 + -13.50 + 1 - 2 - 
30 3.50 -0.43 + -3.50 + 0 + -1 + 
31 16.00 -1.09 + -3.50 + 0 + -2 + 
32 4.50 -0.04 + 6.50 - -1 + -1 + 
33 2.00 0.13 - 1.50 - 0 + -1 + 
34 3.50 2.00 - 9.00 - 0 + 0 - 
35 2.00 -2.10 + -10.50 + 0 + 0 + 
36 -2.50 -0.44 - -5.00 - 1 - 0 - 
37 3.00 -1.53 + -11.50 + 1 + 1 + 
38 2.00 0.30 - 1.50 - 0 + 0 + 
Note: + = measure followed hypothesis, -= measure did not follow 
a
 No errors in both environments was assessed as +. 
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Similar to presence, this hypothesis was based on the assumption that a higher 
heart rate was related to a higher concern for the outcome and hence a decrease of 
performance. Table 24 showed that 18 (47%) participants changed their speed in ac-
cordance with the change in HR, 17 (45%) in number of runs, 19 (50%) in errors (easy 
task), and 13 (34%) for errors (difficult). Since all proportions are ≤ 50%, a relationship 
between HR and performance measures cannot be assumed. 
5.3.4 Hypothesis 4 
Hypothesis 4 was based on the possibility that perceived performance can affect 
perceived presence in post-test questionnaires. To counteract this possibility the con-
struct of workload was introduced to test for this potential performance-presence rela-
tionship. It was hypothesized that in the experimental setting, different levels of work-
load, hence performance, resulted in similar presence in equal environments. A change 
of performance based on workload but not presence would prove that the observed 
presence measures were not performance related. The hypothesis consisted of two 
parts: (a) part 1 assumed no change of presence between levels of difficulty, while (b) 
part 2 assumed a significant change in performance between difficulty levels. For part 1 
the null hypothesis should not be rejected, while the null hypothesis should be rejected 
for part 2. 
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H04a: IPQ-scales between levels of difficulty are not significantly different. 
H04b: HR between levels of difficulty are not significantly different. 
Table 25: T-Test for IPQ and HR within Environments 
  
  
Paired Differences   
  
  Mean 
Difference 
Std. Devi-
ation 
Std. Error 
Mean Differ-
ence 
95% Confidence In-
terval of the Differ-
ence 
      Lower Upper t df 
Sig. (2-
tailed) 
IPQVEE –  
IPQVED 
a
 
1.485 9.824 1.710 -1.999 4.968 .868 32 .392 
IPQ MiE – 
 IPQMiD 
b
 
1.788 10.568 1.840 -1.959 5.535 .972 32 .338 
HR VE easy – 
 HR VE diff 
c
 
.529 3.203 .549 -.588 1.647 .964 33 .342 
HR Mini easy 
- HR Mini diff 
d
 1.265 3.840 .659 -.075 2.605 1.920 33 .063 
a
 Difference in presence between easy and difficult task in simulation. 
b
 Difference in presence between easy and difficult task in miniature world. 
c
 Difference in hear rate between easy and difficult task in simulation. 
d
 Difference in heart rate between easy and difficult in miniature world. 
 
With an absence of significant proof for a difference in means for all presence 
and heart rate measures, the null hypothesis was not rejected. Although it is not possi-
ble to support the null hypothesis, it can be assumed that there was no work-
load/performance induced change of presence. 
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H14c: Runs/speed/errors are higher in the easy tasks. 
Table 26: Wilcoxon Signed Ranks Test for Performance Measures between Difficulty Levels 
 
Speed 
Easy - Difficult 
Runs 
Easy - Difficult 
Errors 
Easy - Difficult 
  Simulation Miniature Simulation Miniature Simulation Miniature 
Z -4.882 -5.130 -4.558 -5.305 -3.065 -4.634 
Asymp. Sig. (1-tailed) .000 .000 .000 .000 .001 .000 
 
The Wilcoxon signed ranks test for changes in performance based on workload 
showed a statistically significant difference from easy to difficult (Table 26). In the simu-
lation the mean decrease was 2.44 [runs/min.] for speed and 8.18 for runs, and an in-
crease of 0.58 for errors. In the miniature world the decrease was 1.8 for speed and 
12.1 for runs, while the errors increased by 1.24. This showed that the introduced levels 
of difficulty significantly affected performance. 
Overall the hypothesis that the introduced level of difficulty affected performance 
but not presence (as measured by HR and IPQ) was supported. Hence it was con-
cluded that the observed changes in presence were not induced by changes in perfor-
mance. 
 
5.3.5 Hypothesis 5 
H15a: There exists positive correlation between IPQ and HR. 
Since HR and IPQ were assumed to measure the same construct of presence, a 
positive correlation was expected. The Person correlation test showed a small positive 
correlation between the IPQ and HR in both environments (simulation: r=.262, p=.028 
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(1-tailed), N=38; miniature world: r=.209, p=.052(1-tailed), N=38). The hypothesis was 
supported with an increased α = 0.1. 
 
H15b1: Spatial visualization and runs/speed/errors should be positively correlated. 
H15b2: Spatial orientation and runs/speed/errors should be positively correlated. 
The review of literature had shown that the spatial ability tests and performance 
should be positively correlated.  
 
Table 27: Spearman’s Rho for Spatial Abilities and Performance Measures 
  
Speed Runs Errors 
Simula-
tion 
Minia-
ture 
Simula-
tion 
Minia-
ture 
Simula-
tion 
Easy 
Minia-
ture 
Easy  
Simula-
tion Diff. 
Minia-
ture 
Diff. 
Spatial 
Orienta-
tion Test 
Correla-
tion 
Coeffi-
cient 
.380 .099 .305 .199 -.039 -.197 .193 -.345 
  Sig. (1-
tailed) 
.009 .277 .031 .115 .408 .117 .123 .017 
Spatial 
Visualiza-
tion Test 
Correla-
tion 
Coeffi-
cient 
.327 .175 .300 .216 -.056 -.215 -.050 -.208 
  Sig. (1-
tailed) 
.022 .146 .033 .097 .369 .098 .383 .105 
Note: N=38 
 
The analyses showed a positive correlation between the spatial orientation tests 
and speed/runs in the simulations (speed: rs=.380, N=38, p<.05; runs: rs=.305, N=38, 
p<.05). In the miniature world only a negative correlation between spatial orientation 
and errors could be found for difficult tasks (rs=-.345, N=38, p<.05). For spatial visuali-
zation only a correlation for speed and runs in the simulation was found with statistical 
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significance (speed: rs=.327, N=38, p<.05; runs: rs=.300, N=38, p<.05) All data can be 
found in Table 27. Overall the hypotheses only were significantly supported for speed 
and runs in the simulations.  
 
H15c: Immersive tendencies and presence should be positively correlated. 
The immersive tendencies questionnaire (ITQ) was supposed to test the individ-
ual tendency to experience presence and hence should be positively correlated to the 
presence questionnaire (IPQ). The analysis showed a small correlation for the relation-
ship between ITQ and IPQ in the simulation with an increased used α=0.1 (r=.175, 
N=38, p=.0735). The correlation was medium between ITQ and IPQ in the miniature 
world with a used α=0.05 (r=.425, N=38, p=.0025). The hypothesis was supported for 
both environments. 
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CHAPTER 6: DISCUSSION AND CONCLUSION 
6. 1 Overview of Results 
Table 28: Overview of Hypothesis Tests 
   Comparison of Means Tests for Relationships 
H1 
IPQ  + a + a 
HR  + b + a 
H2 
Runs  + a + a 
Speed  + a + a 
Errors Easy + a +/- c 
Difficult - - 
H3 
IPQ   +/- d 
HR   - 
H4 
IPQ  + e  
HR  + e  
Runs  + a  
Speed  + a  
Errors Easy + a  
Difficult + a  
Note: hypothesis supported: +, not supported: - . 
a
 α=0.05 
b
 α=0.1 
c
 No significance in correlation tests, but positive results for test of proportions. 
d
 Trend supported for speed, runs, errors (easy), but not errors (diff.). 
e
 Null hypothesis not rejected. 
 
Table 28 shows the results of the hypothesis tests. In the following, the results 
and their implications with respect to the used constructs and assumed relationships are 
discussed. 
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6.2 Relationships of Constructs 
6.2.1 Relationships of Presence Measures and Application Type 
Presence or telepresence as the feeling of ‘being in‘ the VE or remote environ-
ment was measured by the subjective igroup presence questionnaire (IPQ) and the ob-
jective average heat rate (HR). It was assumed that perceived presence increases in 
the miniature world. While IPQ-scores increased by a statistically significant 32%, HR 
only increased by 0.6% using an α of 0.1. 
The correlation analysis as the second part of the hypothesis showed significant 
positive correlation between IPQ-scores in the simulation and the miniature world. Al-
though the results for HR were also significant, the small difference in means does not 
advocate the use of HR as a measure for presence. 
The IPQ showed that the participants clearly assessed the miniature world as 
more real than the VE. At the same time, HR was not equally distinct as an objective 
measure for increased presence. As mentioned before, the previous studies using HR 
as an objective measure used arousing or frightening scenarios, which was not the case 
for the scenario used here to drive around two cylinders. The findings answer the ques-
tion by Slater et al. about HR measured in beats per minute as presence-measure in 
non-stressful environments (Slater, et al., 2006): the average heart rate was not a clear 
measure in the given scenario. It seems that the given miniature world did not induce 
sufficient stress to trigger a significant change of HR. 
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Figure 16: Constructs Hypothesis 1 
 
Nevertheless it was concluded that the first part of the proposed construct inte-
ractions, the direct relationship between presence and application type is supported by 
the experimental data (Figure 16). The more ‘real’ the environment was perceived, the 
more increased presence. The basic idea of the construct of presence as a measure for 
the operator’s ‘disbelief’ towards the remote environment was supported since the real 
environment scored statistically significant higher in the IPQ. 
6.2.2 The Relationship of Performance Measures and Application Type 
It had been hypothesized that the performance measures speed, runs, and errors 
would decrease in the miniature world. Indeed, speed and runs decreased with signific-
ance by 14% and errors in easy tasks by 60%. The number of errors in the difficult task 
showed a statistically significant increase, contrary to the hypothesis, by 38%. 
Observations during the experiment helped to explain the unexpected findings for 
errors in difficult tasks. The easy task did not enforce errors by its setting since the dis-
tance between cylinders and table edge was large (2x vehicle). Concurrently, major er-
rors (falling off the table) were purely based on unnecessary operational mistakes, 
which seemed to be based on lower concern for the outcome. The difficult task with its 
much smaller distance between cylinder and edge (1.2x vehicle) required much more 
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operational skill to prevent falls. Hence the number of errors was also a measure of 
such skills, not only carelessness. Additionally, the controls of the robot had an unex-
pected impact on performance: the more car-like behavior when the operator drove for-
ward while steering reduced the margin of error especially in the area between cylinders 
and table edge; a more ‘courageous’ behavior more often seen in the simulation. If the 
participant got too careful/scared and only used skid steering (steering while standing) 
behind the cylinders, the margin of error increased significantly. Skid steering behind 
the cylinders almost always resulted in a fall in the difficult task (Figure 17), since the 
robot pushed itself off the table. This error was more often observed in the miniature 
world. A quote from one participant:”I was surprised how easy the difficult task got, 
when I was no longer scared”. This participant performed significantly better in the 
second difficult task, when she drove faster. In summary this operational behavior of the 
robot turned around the hypothesis for difficult tasks: the more afraid the participants 
were, the more errors occurred. This case showed how easily an increase of operation-
al requirements can lead to confounded relationships between presence, skills, and per-
formance. Future experiments must account for skill related changed in performance. 
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Figure 17: Skid Steering Behind Cylinder (easy/difficult) 
 
The second part of the hypothesis, a positive correlation between the perfor-
mance measures and the application type, was supported with significance and large 
correlation factors for speed and runs, but not for errors. A secondary analysis of the 
probabilities for errors showed significant hypothesis support for the easy task but not 
the difficult one, based on proportions. The missing positive relationships between ap-
plication type and error rate in the difficult task was based in the task’s operational de-
mands, as described before. The prior described aspect of confounded constructs, here 
operational skills and presence, occurred in this setting and the available data did not 
allow for a distinction between skill-induced errors and presence-/fear-induced ones. 
But overall, the assumed relationship between performance and application type 
was supported for speed, runs, and errors in easy tasks: the participants performed 
more carefully (slower, less errors) in the miniature world, compared to the simulation. 
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Figure 18: Constructs Hypothesis 2 
 
6.2.3 Relationship of Presence and Performance Measures 
To complete the model, the third hypothesis was based on the assumption that 
increased presence leads to more careful behavior, hence decreased speed, number of 
runs, and errors. The previous analysis of the difficult task had shown the confounded 
relationship of operational skills and presence, which made the separation and analysis 
of presence-related performance changes impossible. Consequently, the following 
analysis excludes the measures for errors in difficult tasks. 
Performance and sense of presence are highly individual constructs for which the 
measurements are also highly individual. Hence, a primary correlation analysis of the 
change in presence and performance from simulation to miniature world showed that 
the increase of presence did not qualitatively correspond to a similar decrease in per-
formance: if somebody perceived a large increase in presence (measured by IPQ), it did 
not result in an equally large decrease in performance. On the other hand, the z-test for 
proportions showed that there was a significant probability that an increase in presence 
(IPQ-scales) results in decreased performance. 
The primary correlation analysis of HR also showed no significant results, but 
contrary to the IPQ to performance relationship, the proportions for HR to performance 
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were all under 50%, which did not support the hypothesis. This result was a confirma-
tion of the previous findings for HR as an inappropriate presence measure in the given 
scenario. 
The tests showed a negative relationship between presence (measured by IPQ) 
and performance. Nevertheless this relationship was qualitative and could not be quan-
tified as statistically significant correlation. 
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Figure 19: Constructs Hypothesis 3 
 
6.2.4 Relationships of Workload, Performance, and Presence 
Slater et al. (1999), like others, defined four factors influencing presence: (a) con-
trol factors, (b) sensory factors, (c) distraction factors, and (d) realism factors. In partial 
concordance, the IPQ items were divided by Schubert et al. (2001) into (a) general 
presence, (b) spatial presence, (c) involvement, and (d) experienced realism. With sub-
jective influences like control factors or experienced realism, the construct of presence 
and the respective questionnaires are all prone to changes based on the perception of 
control by the participant. It could be theorized that better performance leads to a higher 
perception of control and hence higher perceived presence. To support the proposed 
directional relationship from presence to performance, two analyses with respect to 
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workload (changed performance) were necessary: (a) a significant change in workload 
and hence performance did not affect presence, but (b) the different workloads affected 
performance. 
a) The t-test for the IPQ-scores between levels of difficulty (IPQVEE – IPQVED and 
IPQMiE-IPQMiD19) showed no significant difference in means. In conjunction with 
the strong correlation between the respective IPQ measurements, this result sup-
ported the hypothesis that the perceived presence was not primarily affected by the 
change of difficulty. Based on the conclusion that HR was not a viable measure for 
presence, the HR results could not be used to support the hypothesis. 
b) For the second part of the analysis, the Wilcoxon signed rank test showed a signifi-
cant difference in all performance measures between easy and difficult tasks (Per-
formance VEE-VED and MiE-MiD), which supported the hypothesis that changes in 
workload affected performance. 
Overall the experimental results showed that perceived presence was not primar-
ily affected by the level of difficulty, which on the other side implied that performance 
was affected by presence and not vice versa. It could be concluded that presence was 
the mediating variable between application type and performance (Figure 20). 
 
                                            
 
19
 VE = simulation, Mi = miniature world, E = easy, D = difficult. 
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Figure 20: Relationships of the Constructs 
 
6.2.5 Conclusions for the Proposed Relationships 
In summary, the four main hypotheses (Figure 20) were supported and showed 
that 
 the application type (simulation or miniature world) affected perceived presence 
(AB), 
 performance deceased in the more dangerous miniature world (AC), 
 perceived presence was negatively related to performance (BC), and 
 presence affected performance and not vice versa (not CB). 
These findings supported the proposed model of relationship that the application type 
affected presence and that presence affected performance. Although the change of per-
formance and presence between simulation and miniature world were significant, the 
relationship between the constructs itself could only be established qualitatively. The 
prior, sometimes contradictory findings of other studies that the presence-performance 
relationship was difficult to establish and to quantify were confirmed. Main obstacle in 
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this study was the high individuality of presence and performance. This individuality re-
sulted in the absence of a mathematical correlation between change in presence and 
changes in performance. Nevertheless, the overall theory that a change in presence, 
based on application type and perceived sense of danger, induced a change in perfor-
mance was supported. 
6.3 Additional Relationships of Constructs and Measures 
6.3.1 Heart Rate and ‘igroup Presence Questionnaire’ 
The previous findings already supported skepticism in the use of HR as a meas-
ure for presence in the given scenario, which became obvious in the not established re-
lationship between HR and performance. Based on this, although the analysis resulted 
in a small positive correlation at a decreased significance level (α=0.1), it could not be 
concluded that the correlation is based on a different assessment of the applications 
and hence higher agitation in the miniature world. The changes in HR between the ap-
plication types, contrary to the IPQ-scales that changed significantly, were just too small 
to draw further conclusions. 
6.3.2 Spatial Abilities Test and Performance Measures 
Surprisingly, the correlations between the Guilford-Zimmerman tests for spatial 
orientation and spatial visualization were not significant for all measures: speed and 
runs were significantly correlated to the spatial ability tests in the simulation, but not the 
miniature world. The numbers of errors were not correlated to the spatial ability test in 
all four tasks. Overall the lack of significant findings in the analyses in 6 of the 8 cases 
would make any discussion highly speculative. Further research would be necessary. 
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6.3.3 Immersive Tendencies and Presence 
A positive correlation between the pre-test ITQ and the two IPQs (VE/Mi) at a 
decreased significance level (α=0.1) confirmed the assumed relationship and were con-
sistent with findings of Witmer and Singer (1998). The correlation for the more intense 
miniature world was higher than for the simulation. This could be explained by the rela-
tionship that the higher the immersiveness of the environment and the higher immersive 
tendencies, the more sense of presence increases. A Pearson correlation analysis be-
tween the ITQ and change of IPQ-scales (IPQVE-IPQMi20) supported this theory 
(r=0.305, N=37, p=0.033 (1-tailed)). 
6.4 Consideration of Additional Relationships 
Beside the already discussed factors of the user’s cognition (spatial aptitudes 
and immersive tendencies) other cognitive factors could have affected performance and 
influenced the experimental results. In the following paragraphs those possible factors 
will be described in their observed influence on the performance measures during the 
experiment. 
6.4.1 Affects 
Affects, according to Tennyson and Breuer (2002), include motivation, feeling, at-
titudes, emotions, anxiety, and values. Affects were not evaluated by questionnaires or 
directed observations during the experiment, but assumed to be randomized. Neverthe-
less anecdotal observations might be useful to derive conclusions: 
                                            
 
20
 VE = simulation, Mi = miniature world. 
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 While most of the participants were highly committed to the experiment, some 
showed lacking motivation. The latter had problems following instructions and their 
performance was observably bad. Surprisingly those participant’s results did not 
show up as outliers in the subsequent analyses, their performance-differences be-
tween simulation and miniature world followed the hypotheses in the same way as 
with the motivated participants. It can be concluded that motivation did not appear to 
affect the hypothesized performance- and presence-changes, only the baseline of 
performance. 
 Some participants showed significant aversion to the task itself, some found the task 
boring after a short time and others reported dizziness due to the circling movement. 
This aversion to the task also negatively affected the overall performance, but as 
with motivation, these affects did not influence the relative change in performance or 
presence. 
The anecdotal observations and the analysis of the individual’s results showed that the 
presence related performance differences are a general observation, despite individual 
personal affects. It can be concluded that it appears that affects did not influence the 
performance changes between the two applications. 
6.4.2 Influence of Experience and Task Sequencing 
Familiarity with the task (simulation or teleoperation) could also have affected 
performance. Beside the familiarity and experience prior to the tasks, the learning curve 
during the experiment might also have been a significant factor. 
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A correlation analysis between reported familiarity (ego-centric games, joystick 
controls, teleoperation tasks) and performance measures showed no significant rela-
tionship. The reported prior experience did not affect the performance in these specific 
tasks. 
The sequence of the application (VE-Mi or Mi-VE) had a ratio of 50:50. Figure 21 
- 24 show that the performance-differences were not significantly affected by the se-
quence. It can be concluded that the sequencing of application did not significantly af-
fected the results of the experiment. 
 
 
Figure 21: Runs in Relation to Tasks and Sequence 
 
 
Figure 22: Speed in Relation to Tasks and Sequence 
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Figure 23: Errors in Relation to Tasks and Sequence 
 
6.5 Limitations and Directions for Future Research 
While the basic model of this study, the directed relationship between application 
type and performance with presence as mediating construct, was supported by the ex-
perimental findings, the study had a number of limitations: 
First and as suspected after the review of the literature, performance and pres-
ence measures were highly task related. Although the main model was confirmed, 
quantitative results from the experiment (like performance change in percent) cannot be 
transferred to other tasks. 
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Speed 
[runs/min.]
Number of 
Runs
Errors
Negative Correlation:
More errors, less runs
(not MiE)
VEE:  0.749
VED:  0.927
MiE:  0.971
MiD:  0.877
VEE: -0.487
VED:  -0.669
MiE:  0.086 (α=0.1)
MiD:  -0.401
?
 
Figure 24: Relationship of Performance Measures 
 
Second, performance measures were related to each other: speed as possible 
measure for the participants’ riskiness was calculated from the number of runs within 
the operational time. Runs on the other hand depended on the number of errors, since 
an error was connected with an one minute penalty time. Despite the sometimes incon-
clusive findings for correlations (Figure 24) especially for speed and errors, speed was 
still related to the number of errors via runs and hence not a truly independent measure 
for performance. 
Third, the robot’s operation had an unexpected impact on the performance 
measures in difficult tasks: errors occurred due to increased fear, not vice versa as hy-
pothesized. Although the observations suggested that a higher fear resulted in higher 
errors in the given setting, this theory was not tested and could not be scientifically ana-
lyzed. 
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Based on the study’s limitations and observations during the experiment, further 
research on presence and performance could be: 
 Research with truly independent performance measures; e. g. speed measured dur-
ing all tasks in meter/sec by an optic analysis of the robot’s movement in the minia-
ture world. 
 Questions of the participants showed that the IPQ items could be misunderstood 
due to their focus on virtual environments (see Appendix A, IPQ). Tests of different 
presence questionnaires could result in a more significant relationship between 
presence and performance and a better understanding of the applicability of those 
questionnaires to teleoperation. 
 Observation during the experiment showed basically two strategies for the tasks: 
some participants always searched for the cylinders and used them as an orientation 
point; others oriented along the table edge without bothering about the cylinders at 
all. If successfully applied, the second strategy produced better results since it did 
not distinguish between easy and difficult levels. One participant, the top performer 
with this strategy, did not even perceive the difference between the difficulty levels. It 
could not be determined what triggered the decision concerning the strategy. 
 Average heart rate was not a viable measure for presence in the given scenario. Fu-
ture research with more valuable robots might induce more ‘fear’ to the operators 
and could establish a higher correlation between presence and heart rate. 
The overall setting of a simulation and a basically identical miniature world 
proved to be supportive for research on the application typepresenceperformance 
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relationship; it allowed for detailed observation of performance differences while at the 
same time it introduced a significantly different assessment of the application by the 
participant. 
6.6 Scope of Generalization 
The aim of the study was the establishment of the presence-performance rela-
tionship based on a changed perception of danger between two applications. Although 
the study was not able to find quantifiable relationships to ‘forecast’ performance based 
on the level or presence, a positive relationship was established: the higher the pres-
ence, the more ‘real’ the behavior in the task. The study found a significant change in 
performance based on the operator’s threat-assessment, which can be generalized to 
any simulation-based result. Although the quantifiable findings are highly task related, 
the general model was supported and can be used in the development and evaluation 
of simulation-based experiments. 
6.7 Summary of Findings 
This study was not only about the expected performance differences between 
simulations and real applications. The main focus was on the underlying reason for that 
performance change: perceived presence. It was hypothesized that, depending on the 
user’s perception of danger to the equipment, performance between a simulation and a 
‘real’ miniature world will change. In addition the sense of presence as a construct to 
describe the user’s disbelief or feeling of being in the simulation/teleoperation was hy-
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pothesized to be the mediating variable: a higher presence leads to a more real beha-
vior. 
In summary, the hypothesis was supported in the experiment. Performance was 
significantly lower in the miniature world while presence increased. In conjunction with 
additional tests it could be concluded that presence affected performance and not vice 
versa. 
It was shown that the sense of presence was related to performance, although 
these findings were more qualitative and did not result in a numerical relationship be-
tween the two due to the individual’s differences in presence and performance. Never-
theless the relationship between presence and performance itself was established, 
which could not be stipulated in the beginning. 
6.8 Implications for Theory and Practice 
The significant change in performance between the simulation and the miniature 
world has considerable consequences for simulation-based studies. The transfer of data 
to the real application has to consider these differences, it cannot be assumed that per-
formance and performance-related factors like workload are identical. The perceived 
danger to ‘only’ a miniature robot led to a performance change of 14%; thus it can be 
expected that this factor would increase in real world applications where a much higher 
fear of negative outcomes exists. 
The aforementioned conclusions for simulation are also valid for simulation-
based teleoperation studies. In addition it has been observed that simulation oriented 
presence questionnaires can raise misunderstandings in their wording. In the described 
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experiment with a real and a virtual environment, this danger was even higher since the 
participants could confuse the wording of ‘virtual environment’ with the prior simulation 
environment, when actually the item concerned the remote environment in the miniature 
world. 
The confirmed relationship between presence and performance does not support 
the conclusion: so more presence equals better performance. Since this study covered 
a specific part of presence, fear of negative outcome, it comes in some aspects to the 
contrary conclusion: an increase in spatial presence for example might have increased 
performance in both the simulation and the miniature world, but it would not affect the 
performance change between the two applications. Research of presence is not about 
optimizing performance in the simulation, instead an increase in presence should focus 
on the minimization of differences between simulations and real applications. The bot-
tom line of this study is that in the effort to transfer simulation based experimental re-
sults fear of negative outcomes as a specific part of presence has to be addressed. 
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APPENDIX A: IPQ (IGROUP PROJECT CONSORTIUM, 2004) 
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Table 29: Items IPQ 
Number IPQ 
item 
name 
shortcut loading 
on … 
English ques-
tion 
English anchors Copyright 
(item 
source) 
1 G1 sense of being 
there 
PRES In the computer 
generated world 
I had a sense of 
‘being there’ 
not at all--very 
much 
Slater & 
Usoh 
(1994) 
2 SP1 sense of VE be-
hind 
SP Somehow I felt 
that the virtual 
world sur-
rounded me. 
fully disagree--
fully agree 
IPQ 
3 SP2 only pictures SP I felt like I was 
just perceiving 
pictures. 
fully disagree--
fully agree 
IPQ 
4 SP3 no sense of being 
in virtual space 
SP I did not feel 
present in the 
virtual space. 
did not feel--felt 
present 
 
5 SP4 sense of acting in 
VE 
SP I had a sense of 
acting in the 
virtual space, 
rather than op-
erating some-
thing from out-
side. 
fully disagree--
fully agree 
IPQ 
6 SP5 sense of being 
present in VE 
SP I felt present in 
the virtual 
space. 
fully disagree--
fully agree 
IPQ 
7 INV1 awareness of real 
environment 
INV How aware 
were you of the 
real world sur-
rounding while 
navigating in 
the virtual 
world? 
(I.e. sounds, 
room tempera-
ture, other 
people, etc.)? 
extremely aware-
moderately 
aware-not aware 
at all 
Witmer & 
Singer 
(1994) 
8 INV2 not aware of real 
environment 
INV I was not aware 
of my real envi-
ronment. 
fully disagree--
fully agree 
IPQ 
9 INV3 no attention to 
real environment 
INV I still paid atten-
tion to the real 
environment. 
fully disagree--
fully agree 
IPQ 
10 INV4 attention capti-
vated by VE 
INV I was complete-
ly captivated by 
the virtual 
world. 
fully disagree--
fully agree 
IPQ 
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Number IPQ 
item 
name 
shortcut loading 
on … 
English ques-
tion 
English anchors Copyright 
(item 
source) 
11 REAL1 VE real (real/not 
real) 
REAL How real did 
the virtual world 
seem to you?  
completely real--
not real at all 
Hendrix 
(1994) 
12 REAL2 experience similar 
to real environ-
ment 
REAL How much did 
your experience 
in the virtual 
environment 
seem consis-
tent with your 
real world expe-
rience? 
not consistent-
moderately con-
sistent-very con-
sistent 
Witmer & 
Singer 
(1994) 
13 REAL3 VE real (im-
agined/real) 
REAL did the virtual 
world seem to 
you?   
about as real as 
an imagined 
world--
indistinguishable 
from the real 
world 
Carlin, 
Hoffman, & 
Weghorst 
(1997) 
14 REAL4 VE wirklich REAL The virtual 
world seemed 
more realistic 
than the real 
world. 
fully disagree--
fully agree 
IPQ 
 
PRES = General Presence, SP = Spatial Presence, INV = Involvement, 
REAL = Experienced Realism. 
 
Slater, M., & Usoh, M. (1994). Representations Systems, Perceptual Position, 
and Presence in Immersive Virtual Environments, Presence, Vol. 2(3), 221-233. 
Witmer, B.G., & Singer, M.J. (1994). Measuring Presence in Virtual Environ-
ments, ARI Technical Report, Alexandria, VA: U. S. Army Research Institute for the Be-
havioral and Social Sciences. 
Hendrix. C.M. (1994). Exploratory Studies on the Sense of Presence in Virtual 
Environments as a Function of Visual and Auditory Display Parameters, Master's The-
sis, Human Interface Technology Laboratory of the Washington Technology Center at 
the University of Washington. 
Carlin, A.S., Hoffman, H.G., & Weghorst, S. (1997). Virtual reality and tactile 
augmentation in the treatment of spider phobia: a case report, Behavior Research and 
Therapy, 35(2), 153-158. 
Items marked with IPQ were developed for the IPQ. Copyrights are hold by Tho-
mas Schubert, Holger Regenbrecht, and Frank Friedmann. 
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APPENDIX B: NASA TLX 
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Figure 25: NASA TLX Scoring Form 1 
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Figure 26: NASA TLX Scoring Form 2
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APPENDIX C: IMMERSIVE TENDENCIES QUESTIONNAIRE 
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Please complete the following questions.  Any information you provide is volunta-
ry and will be kept strictly confidential.  A participant number will be assigned to your 
responses and in no way will your name be associated with the data.  The information 
you provide will be used only for the purposes of this study.  If you have any questions, 
please ask. 
Indicate your preferred answer by marking an "X" in the appropriate box of the 
seven point scale.   Please consider the entire scale when making your responses, as 
the intermediate levels may apply.  For example, if your response is once or twice, the 
second box from the left should be marked.  If your response is many times but not 
extremely often, then the sixth (or second box from the right) should be marked. 
 
1.  Do you easily become deeply involved in movies or tv dramas? 
|________|________|________|________|________|________|________| 
NEVER OCCASIONALLY OFTEN  
   
 
2.  Do you ever become so involved in a television program or book that people have 
problems getting your attention? 
|________|________|________|________|________|________|________| 
NEVER OCCASIONALLY   OFTEN  
 
3.  How mentally alert do you feel at the present time? 
|________|________|________|________|________|________|________| 
NOT ALERT MODERATELY   FULLY ALERT  
 
4.  Do you ever become so involved in a movie that you are not aware of things 
happening around you? 
|________|________|________|________|________|________|________| 
NEVER OCCASIONALLY   OFTEN  
 
5.  How frequently do you find yourself closely identifying with the characters in a story 
line? 
|________|________|________|________|________|________|________| 
NEVER OCCASIONALLY   OFTEN  
 
6.  Do you ever become so involved in a video game that it is as if you are inside the 
game rather than moving a joystick and watching the screen? 
|________|________|________|________|________|________|________| 
NEVER OCCASIONALLY   OFTEN 
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7.  How physically fit do you feel today? 
|________|________|________|________|________|________|________| 
NOT FIT MODERATELY   EXTREMELY  
 FIT   FIT  
 
8.  How good are you at blocking out external distractions when you are involved in 
something? 
|________|________|________|________|________|________|________| 
NOT VERY SOMEWHAT   VERY GOOD  
GOOD GOOD   
 
9.  When watching sports, do you ever become so involved in the game that you react 
as if you were one of the players? 
|________|________|________|________|________|________|________| 
NEVER OCCASIONALLY   OFTEN  
 
10.  Do you ever become so involved in a daydream that you are not aware of things 
happening around you? 
|________|________|________|________|________|________|________| 
NEVER OCCASIONALLY   OFTEN  
 
11.  Do you ever have dreams that are so real that you feel disoriented when you 
awake? 
|________|________|________|________|________|________|________| 
NEVER OCCASIONALLY   OFTEN  
 
12.  When playing sports, do you become so involved in the game that you lose track of 
time? 
|________|________|________|________|________|________|________| 
NEVER OCCASIONALLY   OFTEN  
 
13.  How well do you concentrate on enjoyable activities? 
|________|________|________|________|________|________|________| 
NOT AT ALL  MODERATELY  VERY WELL  
                            WELL    
 
14.  How often do you play arcade or video games?  (OFTEN should be taken to mean 
every day or every two days, on average.) 
|________|________|________|________|________|________|________| 
NEVER OCCASIONALLY   OFTEN  
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15.  Have you ever gotten excited during a chase or fight scene on TV or in the movies? 
|________|________|________|________|________|________|________| 
NEVER OCCASIONALLY   OFTEN  
 
16.  Have you ever gotten scared by something happening on a TV show or in a movie? 
|________|________|________|________|________|________|________| 
NEVER OCCASIONALLY   OFTEN  
 
17.  Have you ever remained apprehensive or fearful long after watching a scary 
movie? 
|________|________|________|________|________|________|________| 
NEVER OCCASIONALLY   OFTEN  
 
18.  Do you ever become so involved in doing something that you lose all track of time? 
|________|________|________|________|________|________|________| 
NEVER OCCASIONALLY   OFTEN  
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Figure 27: IRB Approval 
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